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ABSTRACT 
The primary aim of this study was to investigate the population dynamics of the fishes 
associated with a small (17.5 hectares) temporarily open/closed estuary on the south east 
coast of South Africa. The results are based on the findings of an intensive sampling 
programme conducted over a period of four years in the East Kleinemonde estuary (330 
32' S : 270 03' E). By adopting a quantitative approach, this study addresses the need 
for information on estuarine-associated fish population sizes, standing stock (biomass) 
estimates and productivity. 
The ichthyoplankton assemblage in the surf zone adjacent to the mouth of the estuary 
was dominated by postflexion larvae representing at least 21 taxa in 14 families. 
Rhabdosargus holubi of sizes ranging between 9 mm and 21 mm BL was the most 
abundant species with a mean density of 7.3 individuals per 100 m'. This species, which 
accounted for 77.6% of the catch composition, was recorded throughout the year but 
revealed a distinct peak in abundance in spring (August - September). 
The ichthyofaunal community within the East Kleinemonde estuary was dominated by 
juvenile marine-spawning species and typical of a warm temperate southern African 
estuary. A total of 30 species in 17 families was recorded, including the endangered 
estuarine pipefish Syngnathus watermeyeri. Multivariate analyses (classification and 
ordination) of the catch assemblages revealed a high degree of similarity (> 70%) 
throughout the estuary, with two distinct groups being identified on the basis of 
substratum type. The sampling stations near the mouth with a sandy substratum were 
distinguished from all other sampling sites in the estuary. 
The dominant estuarine-spawning species were represented by all life-history stages, 
suggesting that they bred successfully in the estuary. This group was numerically and 
gravimetrically dominated by the two zooplanktivorous shoaling species Gilchristella 
aestuaria and Atherina breviceps with density extrapolated population size estimates of 
420 973 and 198 275 individuals, and biomass estimates of 1.6 and 0.6 g m-2 
respectively. The total population size of all estuarine-spawning species with a mean 
biomass 00.4 g m-2 was estimated at 754 217 individuals. 
Population size estimates of the marine-spawning species were calculated using data 
obtained from three independent mark-recapture experiments. The assumptions for the 
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mark-recapture analyses were adequately met and it was concluded that the techniques 
provided reliable estimates of population size. However, estimates obtained from density 
extrapolation revealed enormous variability and were considered to be unreliable. The 
total population size was estimated at 63 342, 18 592 and 13 5 192 during the three 
mark-recapture experiments respectively. The numerically dominant species during all 
three experiments was Rhabdosargus holubi. 
Biomass production of the marine-spawning specIes was evaluated over a 123 day 
census period when population sizes and estimates of growth rates were known. 
Productivity for all fishes with a standing stock of 26.2 g mo2 was calculated at 4.5 g mo2 
month01 Rhabdosargus holubi accounted for more than 75% of the total marine fish 
productivity. 
This study draws attention to the success of Rhabdosargus holubi in the East 
Kleinemonde estuary, which is ascribed to aspects of its biology. These include an 
extended breeding season, the ability to recruit into the estuary under adverse open 
mouth conditions and its omnivorous food habits. The dominance of this migratory 
species suggests that it plays an important role in the transfer of energy to the coastal 
marine environment when the mouth of the East Kleinemonde estuary opens. 
Predation by birds and a dominant piscivorous fish (Lichia amia) was quantitatively 
assessed over a period of two years. Monthly food consumption by all piscivorous birds 
revealed large temporal variability, ranging from 32 to 466 kg month-I An unusual 
invasion of Cape cormorants during the winter of 1994 accounted for large scale 
mortality (2246 kg of fish) over a relatively short period. The predatory impact of this 
episodic event was reflected in the findings of the fish mark-recapture experiments, 
which revealed a 70% reduction in the total population of marine-spawning fishes (above 
a certain minimum size) in the estuary subsequent to this invasion. Monthly food 
consumption by the Lichia amia population in the estuary was calculated at 68 and 58 kg 
month-I for two distinct time periods when the population size was known. These 
findings suggest that this species is the top piscivorous predator in the East Kleinemonde 
estuary. 
Finally, the findings of this study highlight the temporal variability of fish populations 
within a single estuary. It is suggested that predation and estuary mouth conditions are 
the main factors influencing the abundance (and its variability) of individual species in the 
East Kleinemonde estuary. 
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CHAPTER 1 
INTRODUCTION 
There are 250 functional estuaries along the South African coastline. Most of these 
systems are modest in size and represent drowned river valleys which were formed 
during earlier periods of lowered sea levels. Depending on the local geology, 
topography and physiography, each of these systems has evolved a suite of unique 
characteristics. These include depth, salinity and temperature regimes, access to the sea, 
vulnerability to flooding, mechanism of water mixing, and many more. Despite the high 
degree of variability between individual systems, Whitfield (l992a) developed a 
classification system to group southern African estuaries based on a variety of 
physiographical, hydrographical and salinity characteristics. The following five estuary 
types were identified: permanently open estuaries, temporarily open/closed estuaries, 
river mouths, estuarine lakes and estuarine bays. 
Temporarily open/closed systems such as the East Kleinemonde estuary are by far the 
most numerous, comprising more than 70% of all South African estuaries. Throughout 
the scientific literature, these estuaries have been variously named or defined. For 
example, Begg (1978) referred to temporarily open/closed estuaries as 'lagoons' , while 
Blaber (1981) and Day (1981) labeled them as 'blind' estuaries and Bennett (1989a) used 
the terms ' seasonally open' and 'normally closed' to describe two different temporarily 
open/closed estuaries. Other synonyms include ' seasonally closed' (Neira & Potter 
1992), 'intermittently open' and 'bar-built' estuaries (Young et al. 1997). The use of 
various synonyms for this estuary type suggests that their suites of physiographical 
characteristics are specific to local conditions and possibly warrant further 
categorization. Despite this, the typical characteristics of temporarily open/closed 
estuaries include the following (after Whitfield I 992a): 
• The link with the marine environment is blocked for varying lengths of time by a sand 
bar which forms at the mouth. Mouth opening events are usually sporadic and 
depend largely on rainfall in the catchment areas and the extent of the sand bar at the 
mouth. 
• The tidal prism is normally small (less than I x 106 m3 per spring tidal cycle) when the 
mouth is open and absent when the sand bar is fully formed . 
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• The salinity regimes of these systems range from typical riverine conditions during 
episodic flooding events to hypersaline conditions during prolonged droughts 
However, mesohaline conditions (S.1 to 18 %0) usually prevail under 'normal' 
conditions. 
• The mixing process of these systems are influenced by both tidal and riverine inputs 
when the mouth is open and wind driven when the mouth is closed. 
A large amount of scientific information is available on southern Africa estuaries, 
including a considerable amount published on their associated ichthyofauna (for a review 
see Whitfield 1998). The trends in estuarine ichthyological research over the past five 
decades were also recently documented by Whitfield (1996a). The latter review paper 
highlights the progress made from typical survey-type studies towards biological and 
ecological studies, and ultimately the assimilation and use of such information to address 
issues relating to the conservation, management and wise utilization of estuaries. 
Most of the ichthyological research in Eastern Cape Province estuaries has been 
conducted in the larger permanently open systems such as the Kromme, Swartkops, 
Sundays, Kariega and Great Fish (Melville-Smith & Baird 1980; Beckley 1984; 
Hanekom & Baird 1984; Marais 1985; Harrison & Whitfield 1990; Ter Morshuizen et at. 
1996; Paterson & Whitfield 1996), with little attention being directed at the smaller 
temporarily open/closed estuaries. Although Dundas (1994) provided a preliminary 
analysis of fish abundance and diversity in three temporarily open/closed systems in the 
St Francis Bay region (Kabeljous, Seekoei and Van Stadens) none of this information has 
been published. Elsewhere in South Africa several detailed studies have been conducted 
on temporarily open/closed estuarine systems. For example, Harrison & Whitfield 
(199S) documented the ichthyofaunal diversity and ecology of three small temporarily 
open/closed estuaries in KwaZulu-Natai. In the Western Cape Province detailed 
ichthyological studies have been conducted on the large temporarily open/closed 
estuarine lakes of Swartvlei (Whitfield 1988, 1993) and BotlKleinmond (Bennett 1985; 
Bennett et at. 1985; Bennett & Branch 1990). 
Despite an early appeal by Day (1977) to conduct quantitative studies of estuarine biota, 
little information exists on the population sizes and productivity of estuarine faunal and 
floral communities. The difficulties associated with conducting quantitative studies on 
estuarine-associated fishes can be ascribed to a number of reasons. Firstly, fishes are 
highly mobile and require specialized sampling techniques to capture them. Secondly, 
estuaries are relatively unpredictable environments and numerous variables influence the 
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abundance of fishes that utilize these ecosystems (for a review see Whitfield 1996b). 
Thirdly, it is well established that most South African estuarine-associated fishes spawn 
in the marine environment and immigrate into estuaries as larvae, postlarvae or small 
juveniles. The migration into estuaries is seasonal, but many species exhibit extended 
spawning periods often resulting in pulses of recruitment over a period of several months 
(Whitfield & Kok 1992). Juveniles then remain in estuaries for a short period of time 
(usually < 1 year) before emigrating back to sea. It is clear, therefore, that estuarine fish 
population sizes are seldom constant due to variable recruitment patterns and continuous 
migrations. 
The ecological significance of the above life-history strategy is that migratory fishes are 
capable of exporting accumulated estuarine productivity (energy) to the marine 
environment (Deegan 1993). However, such assessments are only possible with 
knowledge of fish population sizes, growth rates and mortality (i.e. biomass production) 
during their estuarine residence phase. The importance of conducting quantitative 
studies is further highlighted by the fact that many estuarine-associated fishes (e.g. 
Argyrosomus japonicus, Lichia amia, Lithognathus lithognathus and Pomadasys 
commersonnii) have high recreational and commercial value. Quantitative information of 
early life-history population parameters such as recruitment success, population size and 
mortality will assist with the effective management of these fishery species. 
The present study aims to provide a quantitative analysis of the ichthyofaunal population 
dynamics and productivity of the dominant fish species in a single estuarine system. The 
key objectives of the study were: 
• To determine the seasonality and relative abundance of estuarine dependent 
ichthyoplankton in the surf zone adjacent to the mouth of the East Kleinemonde 
estuary. 
• To investigate the fish community structure in the estuary. 
• To determine the relative abundance, biomass and population dynamics of the resident 
estuarine-spawning fishes in the estuary. 
• To estimate population size, growth rates and productivity of the dominant marine-
spawning fishes in the estuary. 
• To estimate fish predation (mortality) by piscivorous birds and fishes in the estuary. 
In the following chapter the location, historical background, physico-chemical 
characteristics, mouth dynamics and floral characteristics of the East Kleinemonde 
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estuary are described. In Chapter 3 the diversity, size compositIOn, seasonality and 
abundance of the ichthyoplankton in the surf zone adjacent to the estuary mouth are 
studied. The ichthyofaunal community structure in the estuary is examined in Chapter 4, 
while the dynamics of resident estuarine-spawning fishes are investigated in Chapter 5. 
In Chapter 6 population size estimates (using mark -recapture techniques) of the marine-
spawning fishes are documented, while estimates of fish predation losses by piscivorous 
birds and fishes are given in Chapter 7. Estimates of growth, biomass and production for 
the dominant marine-spawning species are provided in Chapter 8. Chapter 9 concludes 
with a general discussion on the important findings of this study and provides 
recommendations on the future management of the East Kleinemonde estuary. 
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CHAPTER 2 
STUDY SITE 
2.1 INTRODUCTION 
The East Kleinemonde estuary is situated approximately 1 5 Ian north-east of Port Alfred 
in the Eastern Cape Province of South Africa and reaches the sea on the coordinates 33° 
32 ' Sand 27° 03' E (Figure 2.1). The mouth region of this estuary is accessible via 
either Diaz Road (eastern bank) or Island road (western bank) off the main coastal road 
(R 72) between Port Elizabeth and East London, which crosses the estuary approximately 
750 m from the mouth. The estuary and its entire catchment area falls within the 
jurisdiction of the Western Region District Council (WRDC), formally known as the 
Algoa Regional Services CounciL Residential development in the area consists of three 
townships, namely Seafield on the eastern bank, and Island Beach and Island Beach 
North on the western bank (Figure 2.2). The controlling authority of these settlements is 
the Seafield Local Council District of Bathurst under the auspices of the WRDC. 
Recently, the Council made application to change the name of Seafield in an attempt to 
resurrect the historic and commonly used name of Kleinemonde. The name change was 
accepted, but as two words (viz . Kleine Monde) to avoid confusion with the Western 
Cape town of Kleinrnond. 
2.1.1 Historical background 
Limited historical anecdotes exist for the SeafieldlK1eine Monde area prior to the arrival 
of the British settlers in 1820. According to Jones (1969) the term Kleinemonde (Kleine 
Monden) was not the name given to the area but merely the word(s) used by early Dutch 
sailors to describe a shoreline feature where the mouths of the neighbouring East and 
West Kleinemonde estuaries approached the beach close together. The area, known then 
as the south-eastern part of the district of Albany, was first surveyed between 1820 and 
1822 to show the situation and exact boundaries of the land allotted to the British 
settlers. During this survey the names Wellington River and Lyne Doch River were 
assigned to the East and West Kleinemonde estuaries respectively and were adopted by 
the settlers. However, the names East Kleinemonde (Kleinemonde Oos) and West 
Kleinemonde (Kleinemonde Wes) were later resurrected and are currently the official 
names for these two estuaries. 
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The land allotted to the 1820 settlers along the coastal strip was primarily used for 
agriculture (cattle grazing) and accessible only by road from the township of Bathurst. 
However, in 1847 a 'harbour' known as Port Jessie was established in the semi-sheltered 
bay (Cawood's Bay) on the leeward side of Kleinemonde Point. Port Jessie consisted of 
an anchorage in Cawood's Bay with beach-landings of cargoes by surf-boats over warps, 
immediately west of the Lyne Doch River mouth. Thorpe (1977) noted that regular 
sailing between Port Jessie and Cape Town took place, but in 1848 the cargo ship 
Waterloo was wrecked in the bay and the 'harbour' project was abandoned. This report 
dispels rumours that the mouths of these estuaries were once permanently open and deep 
enough for ships to enter. Most ofthe documented history during this era is recorded in 
The Chronicle of Jeremiah Goldswain (published by the Van Riebeeck Society) 
Holiday cottages at the mouths of the Kleinemonde estuaries were first erected by local 
farmers subsequent to the establishment of the Seafield township in 1836 (Messrs T. 
Webb, Tharfield Farm and C. Fletcher, Clifton Farm pers. comm.). Today the township 
of Kleine Monde (Seafield, Island Beach and Island Beach North) comprises 500 plots 
zoned for residential development. The small residential area (Kleinemonde West 
Shareblock) on the western bank of the West Kleinemonde estuary consists of 
apprmcimately 40 plots. 
South Africa 
• 
Port Alfred ~-~ INDIAN OCEAN 
North 
27"00' 
Figure 2.1 The location of the East Kleinemonde and other estuaries on the south-eastern coastline of 
South Africa. 
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, 
North 
Scale: 1cm = 150m 
Residential Area 
Degraded bush 
Valley Bushveld 
Dune Thicket 
Salt Marsh 
Phragmiies beds 
INDIAN OCEAN 
Study site 
Beach 
Figure 2.2 Map of the East Kleinemonde estuary showing the main vegetation types (adapted from 
Adams 1997), location of the residential areas and the stations where temperature (T) and 
salinity (S 1, S2, S3) data were recorded. 
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2.1.2 Climatic conditions 
The climate of the south-eastern part of the Eastern Cape Province has been described by 
several authors (inter alia Heydorn & Tinley 1980; Stone 1988; Stone et al. 1998). 
Along the coastal belt relatively mild summers and winters prevaiL Although 
temperatures as high as 40°C and as low as 0 °C have been recorded, the coastal region 
is generally influenced by both the cooling and warming effects (in summer and winter 
respectively) of the sea (Stone et af. 1998). Temperature data obtained from the Fish 
River Lighthouse (approximately 7 km from the mouth of the East Kleinemonde estuary) 
are shown in Figure 2.3 . Mean monthly minimum air temperatures range from 10.2 °C 
(July) to 17.8 °C (January), and mean monthly maximum temperatures range of 19.7 °C 
(August) to 24.5 °C (January). 
~~------------------------------------------, 
25 
maximum 
J F M A M J J A SON D 
Month 
Figure 2.3 Mean monthly minimum and maximum air temperatures (0C) recorded at the Fish River 
Lighthouse between 1960 and 1997 (Source : Weather Bureau records, in lilt.) 
Rainfall along the south-eastern coastal belt of the Eastern Cape is highly variable. 
According to Kopke (1988) the area around Knysna in the south-west experiences all-
year-round rainfall, with an average annual precipitation of 738 mm. Port Elizabeth, 
however, receives an overall winter maximum rainfall (mean annual rainfall = 616 mm). 
The area further east, on the other hand, exhibits a bimodal (spring and autumn) 
distribution of rainfall which is largely spring dominant. Kopke (op cit.) notes that an 
important feature of the climate along the south-eastern Cape coastal belt is the regular 
occurrence of three-day-rain events during March and/or late August. These rains are 
caused by either an intense influx of polar air or by a high pressure system to the south of 
Port Elizabeth feeding cool, moist air into the region If the system coincides with a cut-
8 
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off low pressure area over the interior, large floods can occur in the coastal region 
(Stone et at. 1998). 
2.2 THE COASTAL ENVIRONMENT 
2.2.1 Hydrography 
The coastline adjacent to the East Kleinemonde estuary runs in a roughly north-
east/south-west direction (Figures 2.1 and 2.2). The continental shelf in the area is fairly 
narrow with a steep shelf slope approximately 30 kIn offshore. However, approximately 
60 km further south (near Cape Padrone) the continental shelf starts widening to form 
the broad Agulhas Bank. This transitional region, known as the Port Alfred upwelling 
cell, has a strong influence on the local hydrography. According to Lutjeharms (1998) 
sea surface temperatures of this sector are extremely variable and can change 
dramatically within days when the wind changes, sometimes resulting in mass mortalities 
of marine animals . Furthermore, during upwelling events the substantial body of cooler 
water resident on the shelf in this region may serve as an impenetrable barrier to coastal 
tropical organisms that would otherwise move much farther south. 
Badenhorst (1988) made use of data obtained by Voluntary Observing Ships (after Swart 
& Serdyn 1981) to describe the coastal hydraulics in the Kleinemonde region. He noted 
that due to the orientation of the coastline and the screening off of swells by Cape 
Padrone to the south-west and Great Fish Point to the north-east only deep sea swells 
between 60° and 250° can reach the Kleinemonde beach unaffected. Waves approaching 
the coast at an oblique angle are predominantly from the south-eastern sector (200° to 
250°). Therefore, the longshore current and longshore sediment movement is mostly in 
an easterly direction. 
2.2.2 Wind and aeolian sand transport 
Wind frequency and direction data collected from Voluntary Observing Ships and the 
Fish River Lighthouse weather station were used by Badenhorst (1988) to calculate 
aeolian sand transport at the Kleinemonde beach. He concluded that south-westerly and 
westerly winds occurred most frequently, while north-easterly winds were recorded only 
occasionally. The calculated aeolian drift revealed a net sediment movement towards the 
north-east (Table 2.1). Despite some variability, transported sand generally accumulates 
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in the mouths of the East and West Kleinemonde estuaries from the south-west (plate 
2.1 ). 
Table 2.1 The potential aeolian drift rate at the Kleinemonde beach (after Badenhorst 1988). 
Directional component Aeolian drift rate (m' y(' km·') 
Eastbound 240CXl 
Westbound ffXXJ 
Northbound 2000 
Southbound roJ 
Plate 2.1 The mouth regions of the East and West Kleinemonde estuaries showing the accumulation of 
sand (indicated by arrows) which moves mostly in an north-easterly direction (photograph: 
A. K Whitfield, May 1993). 
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2.3 THE ESTUARINE ENVIRONMENT 
2.3.1 Physical and chemical characteristics 
The East K1einemonde estuary has the following physical and chemical characteristics: 
Estuary type 
According to the classification of estuarine types proposed by Whitfield (I992a), the 
East K1einemonde system is a temporarily open/closed estuary. 
Catchment 
Badenhorst (1988) estimated the catchment size of the East K1einemonde estuary at 46.3 
\an2 Most of the gentle sloped high-lying region of the catchment area is characterized 
by degraded agricultural land which is used primarily for extensive cattle ranching. 
However, the stream and river valleys are relatively undisturbed and covered by Valley 
Bushveld vegetation 
Mean Annual Run-ofT 
The simulated mean annual run-off is 2 x 10· m3 (Badenhorst 1988). 
Estuary size 
This small estuary has a surface area of approximately 175 000 m2, excluding the shallow 
salt marsh area which is only inundated during periods of high water levels. It is 
navigable for approximately 3 \an and the widest portion (in the lower reaches) is 120 m 
(see Figure 2.2). 
Bathymetry 
The estuary is mostly shallow, with the main channel depth ranging between 1 and 2 m in 
the navigable portion of the system. After a mouth opening event the estuary is very 
shallow with a maximum channel depth of approximately I m. During periods of 
extended mouth closure the estuary water level often exceeds that of mean sea level 
(approximately MSL+2 m) due to extensive sandbar development on the seaward side of 
the mouth. 
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Temperature 
Mean monthly surface temperatures range from 14.9°C (June) to 27°C (January) with 
some vertical temperature stratification which is slightly more pronounced during the 
summer (Figure 2.4). 
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Figure 2.4 Mean monthly surface and bottom temperatures (DC) taken in the middle reaches of the 
East Kleinemonde estuary. 
Salinity 
Figure 2.5 illustrates the mean monthly salinities in the East Kleinemonde estuary from 
March 1994 to March 1996. During this period the salinity regime varied between 
oligohaline conditions « 5%0) to mostly mesohaline conditions (5 - 18%0), depending on 
the amount of rainfall and condition of the estuary mouth. It was noted that mouth 
opening events occurred during or shortly after periods of high rainfall (usually in months 
with rainfall exceeding 100 mm) (see Figure 2.6). Salinity levels decline rapidly prior to 
mouth opening events (e.g. July - September 1994 and December 1994 - January 1995) 
due to riverine input. During the open mouth phase, seawater rarely extends beyond the 
lower reaches, thereby creating a steep salinity gradient between the mouth and head of 
the estuary (e.g. January - May 1995). After mouth closure, salinity levels rise and the 
rate at which they increase is dependent on the extent of bar topping (overwash) events. 
For example, during the period March to July 1994 salinity levels rose rapidly due to a 
number of large bar topping events. However, during the closed mouth phase 
subsequent to July 1996, salinity levels rose slowly due to evaporation not overwash 
events (see Figure 2.6) . During periods of extended mouth closure salinities throughout 
the estuary are relatively uniform, with the exception of occasional declines in salinity in 
the upper reaches following river pulses. 
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Figure 2.5 Mean monthly surface salinity in the lower (L), middle (M) and upper (U) reaches of the 
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Figure 2.6 Monthly rainfall (mm) recorded at the Fish River Lighthouse from January 1993 to August 
1997. Mouth opening events at the East Kleinemonde estuary are indicated by arrows. 
Water quality 
No comprehensive surveys of water quality in the East Kleinemonde estuary have been 
undertaken. However, Harrison et al. (1996) using the water quality rating index (after 
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Cooper e/ at. 1994) described the water quality of the East K1einemonde estuary as being 
good and awarded it a score of 7.3 out of a possible 10. The water quality impairment 
was attributed to slightly elevated E. coli levels. Although there is currently no evidence 
of pollution, attention has been drawn to the potential threat of microbial contamination 
of the estuary from septic tank overflows (Kleine Monde Ratepayers in litt.). 
2.3.2 Mouth dynamics 
The condition of the East K1einemonde estuary mouth was recorded on a daily basis 
from March 1993 to August 1997 (Figure 2.7). An analysis of these records revealed 
that the mouth was closed for 71. 8% of the time, and open mouth conditions were 
recorded on only 43 days (2.6%). Overwash conditions consisting of small bar topping 
events (i .e. < 3 hours) occurred fairly frequently (23 .7%), but large overwash events (i.e. 
3 - 6 hours), associated with storm conditions and high seas, occurred on only 31 days 
(1.9%). During the study period, the mean duration of the open mouth phase was four 
days (range = 1 to 13). 
Badenhorst (1988) states that the East and West K1einemonde estuaries usually share a 
common mouth during the open phase. The brief periods of open mouth conditions are 
attributed to the predominantly north-east bound aeolian and longshore sediment 
movement, resulting in the formation of sandbanks and ultimately mouth closure. 
However, the mass removal of sand in the mouth region during the flood (mouth 
opening) lowers the sandbar and allows seawater to enter the estuary during bar topping 
events for varying lengths of time after mouth closure. Such conditions persisted for 
several months following the mouth opening event in December 1994/January 1995 
(Figure 2.7). Owing to the very short periods of truly open mouth conditions, overwash 
events are important not only in elevating estuarine salinities but also to allow for 
recruitment and emigration of marine-spawning fishes . The importance of these events 
are discussed in Chapter 9. 
Mouth opening was associated with periods of high rainfall (Figures 2.6 and 2.7). 
During the study period, mouth opening events were recorded during every month of the 
year except March and July, highlighting the unpredictable nature ofthese phases. Based 
on these observations the temporarily open/closed East K1einemonde estuary can be 
classified as a system which is predominantly closed with sporadic unseasonal mouth 
opening events. 
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In an attempt to document the historical (later than 1938) changes in the lower region of 
the East and West K1einemonde estuaries, Badenhorst (1988) examined six sets of aerial 
photographs taken between 1938 and 1987. He concluded that a natural process of 
sedimentation was taking place in both estuaries. Although the sedimentation was 
probably accelerated by the construction of the road bridges in 1974, sand banks and 
increasing salt marsh areas were first observed in 1955. 
Although Badenhorst (1988) commented on the condition of the estuary mouths, a 
closer examination of his figures and additional aerial photographs (see Table 2.2) 
revealed that the two estuaries used to open via separate mouths. However, in more 
recent times (approximately 1980 onwards) the two estuaries tend to share a common 
outlet after a flood event. The reason for this phenomenon is ascribed to increased 
residential and infrastructure development (notably the construction of the Island Beach 
peninsula car park) which resulted in destabilization and eradication of the fore dune 
vegetation and ultimately the removal of a dune ridge which once separated the two 
mouths. This observation is supported by several residents who claim that the dune 
separating the two mouths was once a popular venue for sand-boarding by children 
(Messrs B. Purdon, Island Beach and C. Fletcher, Clifton Farm pers. comm.). 
Table 2.2 Description of the aerial photographs examined to document changes in the mouth regions 
of the East and West Kleinemonde estuaries. Photographs obtained from the Department of 
Land Affairs Chief Directorate : Surveys and Mapping. 
Year Job No. Photo No. Scale Badenhorst (1988) 
1934 101 A 2587 1 :2COOO 
-
1938 134138 14015 1:25000 Figure 12 
1955 360 9199 1:36000 Figure 13 
1956 385 857 1:30000 
-
1973 721 3586 1:50000 
-
1979 326 198 1:= Figure 14 
1980 374 82 1 :2COOO 
-
1981 391 172/4 1:2COOO Figure 15 
1987 - - - Figure 16 
1990 938 6070 1:= -
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Figure 2.7 Monthly rainfall and condition of the East Kleinemonde estuary mouth from March 1993 to 
August 1997. Rainfall data obtained from the Weather Bureau records for the Fish River 
Lighthouse. 
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2.3.3 Floral characteristics 
No published information is available on the terrestrial or aquatic vegetation associated 
with the East K1einemonde estuary. However, a brief botanical survey was conducted on 
21-22 January 1997 (Adams 1997). The findings of this survey are summarized below 
and a list of the dominant macrophyte species associated with the East K1einemonde 
estuary are given in Table 2.3. 
Table 2.3 The dominant maCrOph)1eS associated with the East Kleinemonde estuary (after Adams 
1997). 
Species Family Common name 
Ruppia cirmasa Ruppiaceae 
-
Ha/ophila ovalis Hydrocharitaceae -
Saficomia meyeriana Chenopodiaceae Marsh samphire 
Chenopodium album Chenopodlaceae Seepbossie (weed) 
Sarcocomia decumbens Chenopodiaceae -
Fuirena hirsuta Cyperaceae -
Juncus kraussii Juncaceae Sharp rush 
Trig/ochin striata Juncaqinaceae 
-
Phragmites australis Poaceae Common reed 
Sporobo/us virginicus Poaceae Brakgras 
Stenotaphrum secundatum Poaceae BuffelsgraslStrandkYIeek 
Phytoplankton 
Water column samples were collected at five sites in January 1997 and analyzed for 
chlorophyll-a content by Adams (1997). The mean chlorophyll-a content was generally 
low (4.2 ± 0.9 mg rl) and increased from the mouth region (2.7 ± 0.5 mg rl) towards 
the upper reaches (5.2 ± 0.6 mg rl). The dominant micro algal group was estuarine 
flagellates which occurred in similar densities throughout the estuary. Blue-green algae 
(Euglena spp.) and diatoms were also recorded. 
Submerged macrophytes 
The dominant submerged macrophyte was Ruppia cirrhosa which occurred mostly 
above the road bridge forming a continuous band along both banks of the estuary. The 
seagrass Halophila ova/is was also recorded. 
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Salt marsh vegetation, reeds and sedges 
The lower reaches of the east bank is dominated by houses with lawns up to the water's 
edge, and several small stands of Phragmites australis (Figure 2.2). Scattered Juncus 
kraussii and Sporobolus virginiclIs plants occur close to the mouth on the west bank 
which is mostly steep and rocky. 
A small salt marsh area occurs on the west bank just above the road bridge (Figure 2.2). 
Sarcocornia perennis forms aIm band close to the water's edge. Above this is a 2 m 
zone of Sporobolus virginiclls and Sarcocornia decumbens followed by a 5 m zone of 
Juncus kraussii . 
Three stands of Phragmites australis occur on the east bank above the road bridge, 
indicative of areas of freshwater seepage. Little other intertidal vegetation occurs along 
the fairly steep sloping east bank, and Valley Bushveld extends to the water's edge in 
most areas (Figure 2.2). The more gentle sloping west bank is grassy with scattered 
Acacia cyclops and A. karroo trees. The dominant fringe marsh species are Sporobo/us 
virginicus, Salicornia meyerialla, Junclls krallssii, Sarcocornia decllmbells and the 
sedge Fuirena hirsuta. 
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CHAPTER 3 
SURF ZONE ICHTHYOPLANKTON 
3.1 INTRODUCTION 
The ichthyoplankton associated with estuaries originate from three possible sources. 
They are either recruited from the riverine areas above the head of the estuary, spawned 
in the estuary or recruited from the marine environment. Most of the fish species 
occurring in South African estuaries spawn in the marine environment and recruit at 
various stages of development (Wallace 1975; Melville-Smith & Baird 1980; Whitfield & 
Kok 1992). The species which recruit at an early larval stage are dependent on factors 
such as planktonic food availability (Whitfield 1985), estuary mouth conditions 
(Whitfield 1996b) and a number of other abiotic factors such as turbidity, temperature, 
salinity (Martin et at. 1992; Harris 1996) 
Most studies on larval fishes in southern Africa have been conducted in either the 
offshore and nearshore marine environments (inter alia Olivar & Fortuno 1991; Beckley 
1993 ; Olivar & Shelton 1993; Olivar & Beckley 1994; Tilney & Buxton 1994; Beckley & 
Connell 1996) or within estuaries (Melville-Smith & Baird 1980; Beckley 1985; 
Whitfield 1989a,b). Despite considerable research highlighting the importance of 
estuaries to the early life-history stages of marine-spawning fishes, very few studies have 
investigated the movement, abundance and seasonality of larvae in the surf zone 
adjacent to estuary mouths. Clearly, the surf zone represents an important transit region 
for larvae recruiting from the nearshore marine environment (spawning area) to an 
estuary (nursery area). However, only two studies in South Africa have investigated 
ichthyoplankton communities in the surf zone near estuary mouths. Whitfield (1989c) 
examined the larval fish assemblage in the Swartvlei Bay (southern Cape) and Harris & 
Cyrus (1996) studied the larval and juvenile fishes at St Lucia (northern KwaZulu-Natal). 
The aim of this study was to investigate the ichthyoplankton species composition, 
seasonality and abundance in the surf zone adjacent to the mouth of the East 
K1einemonde estuary. In addition, the role of the surf zone as a possible interim nursery 
area is examined. The findings of this study are also compared with those of Whitfield 
(1989c) and Harris & Cyrus (1996). 
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3.2 MATERIALS AND METHODS 
3.2.1 Sampling procedure 
Ichthyoplankton samples were collected monthly between August 1994 and September 
1996 in the surf zone adjacent to the mouth of the East Kleinemonde estuary. 
Collections were made using a floating plankton sled fitted with a 500 ~m nylon mesh 
net which sampled the upper 300 mm of the water column. The net, with a mouth area 
of 0.17 m2 was attached to a 3 m rope and towed through the surf zone, parallel to the 
shoreline in water ranging from 0.5 to 1.5 m in depth. The net was towed at a rate of 
approximately I m S·l for a duration of exactly two minutes. The mean volume of water 
passing through the net for each tow was estimated at approximately 20 m3 . 
Ichthyoplankton catches were recorded as the number of fish caught per two minute 
tow. For comparative purposes the catch per tow was multiplied by a factor of five to 
obtain a density value (i .e. number per 100 m3). Initial sampling trials indicated that 
sampling over the low tide period was difficult due to a lack of water depth. According 
to the classification of beach types by Short & Wright (1983), the general beach 
morphology in the region was classified as an intermediate type with a ridge-runnel or 
low tide terrace. In an attempt to standardize the sampling procedure as far as possible, 
samples were only taken at or near high tide on days when sea conditions were fairly 
calm, with very little or no longshore current (side wash) and light winds. The number 
of plankton hauls and the environmental conditions recorded on all sampling days are 
given in Appendix 1. Two 24 hour sampling sessions were conducted on 11-12 
February 1995 and 15-16 May 1995 respectively. On each occasion a triplicate series of 
two minute tows were taken every three hours over a full diel period. 
3.2.2 Ichthyoplankton samples 
Samples were preserved in the field with 10% formalin in seawater. After a period of 
one to two weeks fish samples were separated from the other plankton and debris, and 
stored in 60% propyl alcohol for subsequent analysis. All fish were measured to the 
nearest 0.1 mm body length (BL) using a dissecting microscope fitted with an eyepiece 
micrometer and identified to the lowest possible taxon using van der Elst & Wallace 
(1976), Melville-Smith (1978), Brownell (1979), Smith & Heemstra (1986), and Olivar 
& Fortuno (1991). Each taxa was assigned to an estuary-dependence category 
according to Whitfield (1998), where Ia = resident estuarine species which have not been 
recorded spawning in the marine or freshwater environment, Ib = resident estuarine 
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species which also have marine or freshwater breeding populations, IIa = euryhaline 
marine species which breed at sea but juveniles are dependent on estuaries as nursery 
areas, lIb = euryhaline marine species which breed at sea while juveniles occur mainly in 
estuaries, but are also found at sea, IIc = euryhaline marine species which breed at sea 
while juveniles occur in estuaries, but are usually more abundant at sea, III = marine 
species which occur in estuaries in small numbers but are not dependent on these 
systems. 
3.3 RESULTS 
3.3.1 Taxonomic Composition 
The catch composition and comparative abundance of ichthyoplankton captured in the 
surf zone adjacent to the mouth of the East Kleinemonde estuary are listed in Table 3.1. 
A total of 45 J fishes, representing at least 21 taxa from 14 families were collected from 
241 tows. All specimens captured, with the exception of five Atherina breviceps, were 
classified as larva according to Kendall et al. (1984). The majority of samples collected 
were in the postflexion stage oflarval development. 
The family Sparidae dominated the total catch composition with almost 85%, while 
Mugilidae, Soleidea, Monodactylidae and Atherinidae contributed 4.4%, 4.2%, 2% and 
1.1 % respectively. Each of the remaining eight families represented in the catch 
comprised less than 1 %. The numerically dominant species was Rhabdosargus holubi 
which accounted for more than 77% of the overall catch. The other dominant taxa 
included unidentified Mugilidae (4.4%), Diplodus sargus capensis (4.2%), 
Heleromycteris capensis (3 .6%), Monodactylus falciformis (2%) and a single 
unidentified sparid species (1.8%) The remaining taxa collectively only comprised 6.4% 
of the total catch. 
Making use of Whitfield's (1998) estuary-dependence categorization of fishes, the 
overall ichthyoplankton catch composition revealed a high degree of estuarine 
dependence. Euryhaline marine species (category II) comprised almost 95% of the total 
catch. Rhabdosargus holubi was the most abundant species in category ITa. Other taxa 
in this category included Monodactylus falciformis (2%), Elops machnata (0.7%) and 
the unknown contribution of Mugil cephalus in the catch of Mugilidae. 
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Table 3.1 Ichthyoplankton catch composition (ranked according to family abundance) from the surf 
zone adjacent to the mouth of the East K1einemonde estuary between August 1994 and 
September 1996. The estuary-dependence category for each species are according to 
Whitfield (1998). 
Percentage Estuary-
Family Species Number catch dependence 
caught composition category 
Sparidae Rhabdosargus holubi 350 77.6 lIa 
Diplodus sargus capensis 19 4.2 lie 
Sarpa salpa 2 0.4 lie 
Unidentified (1 species) 8 1.8 (7) 
Total 379 84.0 
Mugilidae Unidentified, but including 20 4.4 
Uza richarsonii & MugU cephalus IIc, Iia 
Total 20 4.4 
Soleidea Heteromycieris capensis 16 3.5 lib 
So/e8 bleekeri 3 0.7 lib 
Total 19 4.2 
Monodactylidae Monodactyfus fa/ciformis 9 2.0 Iia 
Total 9 2.0 
Atherinidae Atherina breviceps 1 0.2 Ib 
post larval specimens 5 1.1 
Total 6 1.3 
Blenniidae Unidentified (1 species) 3 0 .7 (7) 
Total 3 0.7 
Clupeidae Gilchristella aestuaria 1 0.2 la 
Unidentified (1 species) 2 0.4 (7) 
Total 3 0.7 
Elapidae Elops machnata 3 0 .7 lIa 
Total 3 0.7 
Gobiidea Psammogobius knysnaensis 3 0 .7 la 
Total 3 0.7 
Clinidae Clinus superciliosus 1 0.2 Ib 
Unidentified (1 species) 1 0.2 (7) 
Total 2 0.4 
Tetradontidae Unidentified (1 species) 2 0.4 III (7) 
Total 2 0.4 
Bothidae Unidentified (1 species) 1 0.2 (7) 
Total 1 0.2 
Syngnathidae Syngnafhus acus 1 0.2 Ib 
Total 1 0.2 
Total 451 100 
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The species in category IIb included Heteromycteris capensis (3 .6%) and Solea bleekeri 
(0.7%). Species which are not dependent on estuaries (category III) contributed only 
0.4% to the total catch, excluding the possible contribution of the 14 unidentified 
specImens. The capture of one Gilchristella aestuaria and three Psammogobius 
knysnaensis specimens occurred during and just after an open mouth phase of the estuary 
(26 August 1994 and February 1995, see Figure 2.6). This suggests that these 
individuals, which are resident estuarine species (category I) were washed out of the 
estuary at the time of opening. 
3.3.2 Size Composition 
The length frequencies for the three numerically dominant taxa (viz. Rhabdosargus 
holubi, Diplodlls sargus capensis and Mugilidae) are given in Figure 3.1. 
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Figure 3.1 Length frequency distribution of the three most abundant taxa sampled in the surf zone 
adjacent to the mouth of the East Kleinemonde estuary (n = total number of fish sampled). 
The mean individual size for Rhabdosargus hollibi (11.3 mm), Diplodlls sargus capensis 
(10.2 mm), Mugilidae (11.6 mm), Heteromycteris capensis (7.4 mm) and Monoriactyllis 
jalciformis (5 .3 mm) captured in the surf zone are similar to the size ranges reported in 
South African estuarine nursery habitats (Table 3.2). This possibly indicates that the taxa 
which are estuarine dependent as juveniles (category II) are in search of a suitable 
estuarine habitat for recruitment. Owing to the fact that the mouths of both the East and 
West Kleinemonde estuaries were closed for most of the sampling period (Appendix I) it 
appears that the surf zone adjacent to these estuaries serves as an interim nursery area for 
estuarine dependent species. 
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Table 3.2 A comparison of size ranges (mm BL) of five abundant taxa recorded from the 
Kleinemonde surf zone and other estuarine localities in South Africa (TL = total length). 
Species 
Reference Locality Rhabdosargu~ Diplodus "argus Mugilidae Heleromyclarls Monodactylu.! 
holubi capensis capensis falciform!:; 
This study Kleinemonde 9.31021 9to11.4 9.2 to 18.5 6.3 to 8 4.6to 6.1 
surf zone mearl = 1' .3 mean = 10.2 mean = 11 .6 mean'" 7.4 mean = 5.3 
Beckley (1985) swartkops estuary 91013 9 to 10 12 to 14 7to 10 
Harris (1996) Richards Bay Habour 6.Stoll 9.5 to 11 
Durban Harbour 7.510 " 2 to 10 
Harris & Cyrus (1995) St Lucia estuary 6tc 12.2 5 to 23.5 
Harrison & Sundays estuary mostly <: 15 mostly < 15 
Whitfield (1990) 
Melvil1e~Smith (1978) Swartkops estuary 7 to 20 (Tt) 7 to 10 (TL) 6toll (Tt} 
Whitfield (1989a) Swal1vlei estuary 9 to 10 6to 11 6 to 8 <I to 7 
Whitfield (1994a) Great Fish estuary 5 to 10 (> 50%) 
10to 15 (> 40%) mostly 15 to 30 
lSt020{< 10%) 
Sundays estuary mostly 10 to 15 mostly 15 to 30 
Kariega estuary mostly 10 to 15 mostly 1510 30 
3.3.3 Seasonality 
The mean monthly catches of ichthyoplankton in the surf zone adjacent to the East 
K1einemonde estuary between August 1994 and September 1996 are given in Figure 3.2. 
Catches, expressed as the number caught per two minute tow, were lowest between 
November and April. The catch rate was highest between May and October with a 
distinct peak in abundance in August. 
24 
Chapter 3 Surf zone ichthyoplankton 
68 
30 
25 
1 
'" ~ 
0 20 0:: 
0 
:!i! 
0:: 
.. 15 a. 
0 
'" ~ 10 
.!l 
0:: 
.. 
.. 
::;; 
5 
0 
J F M A M J J A S 0 N D 
(16) (13) (17) (15) (15) (5) (10) (24) (33) (20) (25) (10) 
Month 
Figure 3.2 Mean monthly ichthyoplankton catches between August 1994 and September 1996 in the 
surf zone adjacent to the mouth of the East Kleinemonde estuary (vertical bars indieate 
minimum and maximum catch per two minute tow; numbers in parentheses indicate the 
total number of tows per month). 
3.3.4 Larval Density 
The density of the dominant species in the surf zone adjacent to the East Kleinemonde 
estuary were estimated by multiplying the catch (n per 2 min. tow) by five to obtain a 
value per 100 m3 and compared with values obtained for the Swartvlei Bay (Whitfield 
1989c) and St Lucia (Harris & Cyrus 1996) surf zones (Table 3.3). The densities of all 
the dominant taxa in the surf zone at Kleinmonde were lower than reported from both 
Swartvlei and St Lucia, with the exception of Rhabdosargus ho/ubi, which was more 
abundant at Kleinemonde than St Lucia. The mean overall ichthyoplankton densities 
were also lowest at Kleinemonde with a mean density of 9 per 100 m3, compared with 
55 and 35 per 100 m3 at Swartvlei and St Lucia respectively. These lower densities 
could be attributed to a number of reasons, such as different sampling techniques and 
different environmental and physical factors, including geographical location. Hence, a 
truly quantitative comparison of the three studies in the different regions would be 
speculative and inconclusive. 
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Table 3.3 Mean ichthyopJanktoll densities of certain taxa reported from the surf zones adjacent to the 
East Kleinemonde, Swartvlei and St Lucia estuaries. 
Reference This study adapted from Harris & Cyrus (1996) 
WMfield (1989c) 
Surf zone locality K1einemonde Swartvlei bay St Lucia 
(diurnal sampling) (diurnal sampling) (diel sampling) 
Species Mean Ichthyoplankton density (n per 100 m3 ) 
Rhabdosargus holubi 7.3 13.4 3.5 
Dipfodus sargus capensis 0.4 3.3 2.1 
Mugilidae 0.4 15.5 1.0 
Heteromycteris capensis 0.3 7.2 . 
Monodacty/us fa/cifonnis 0.2 2.7 . 
3.3.5 24-h experiments 
The two 24-h sampling periods revealed no significant trends (Figure 3.3). A total of 
only 12 and 10 fish were caught during each 24-h sampling period, respectively. The 
corresponding mean densities over the 24-h period were calculated at 2.5 and 2.08 fish 
per 100 m3 No significant differences (F = 0.243: p = 0.629) between day and night 
densities were observed, although Harris & Cyrus (1996) showed significantly higher 
nocturnal densities and Whitfield (1989c) showed significant diel differences in density 
only for Rhabdosargus holubi. Furthermore, statistical analyses of the East 
K1einemonde data revealed no significant differences (F = 0.636: p = 0.438) for catches 
related to tidal phase. 
3.4 DISCUSSION 
The diversity of ichthyoplankton in the surf zone adjacent to the mouth of the East 
K1einemonde estuary (21 taxa, 14 families) was similar to that found in the surf zone of 
the Swartvlei estuary (26 taxa, 16 families; Whitfield 1989c), but considerably less 
diverse than that reported from the subtropical region of St Lucia (88 taxa, 47 families; 
Harris & Cyrus 1996). The notable difference between the two temperate regions and St 
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Lucia is ascribed to the contribution of tropical offshore spawning species that are not 
dependent on estuaries as nursery areas (category III) at St Lucia. 
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Figure 3.3 The combined ichthyoplanklon catch from three tows for each sampling time, collected 
during two 24-h sampling periods conducted on (a) 11-12 February 1995 and (b) 15-16 
May 1995. (LT = low tide; HI = high tide). 
The high incidence of estuarine dependent ichthyoplankton in the surf zone at 
Kleinemonde coincides with the findings of Whitfield (J989c). His study revealed that 
more than 80% of the catch composition in the surf zone at Swartvlei consisted of 
category I and II species. Similarly, Harris & Cyrus (1996) found that taxa with some 
degree of estuarine association were most dominant and represented 60% in terms of 
density of larva in the surf zone at St Lucia. The predominance of estuary-associated 
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marine species in all three studies could be interpreted to imply that the surf zone also 
serves as a nursery area. However, this study has provided increasing evidence to 
support the suggestion of Harris & Cyrus (1996) that the surf zone is used as a transit 
route or interim nursery area prior to estuarine recruitment and not as a true nursery 
area. The mean size of the estuarine associated larvae caught in the surf zone (mostly 
postflexion) corresponds with the documented size of larvae occurring in estuaries 
(Table 3.2). Therefore, the size of these species in the surf zone represents an optimal 
recruitment size. Furthermore, the stenotypic size frequency distributions and absence of 
larger individuals (post "recruitment size") suggests that the larvae do not remain in the 
area for long periods of time. The absence of larger specimens in the surf zone could 
however be attributed to net avoidance (i .e. inappropriate sampling gear) or that the 
larvae are subject to high mortality rates in this physically harsh environment. Lasiak 
(1981) did however record the presence of post-larval individuals at King's beach in 
Algoa Bay but the major species in her study were different from those associated with 
estuaries. Ruple (1984) also suggested that the degree to which ichthyoplankton use the 
surf zone in the northern Gulf of Mexico is species specific. 
It is well known that many species which inhabit and utilize estuaries as nursery areas 
spawn offshore, but surprisingly little is known about the mechanisms surrounding the 
transportation of larvae from the marine environment to estuaries (Norcross & Shaw 
1984; Boehlert & ' Mundy 1988). Ichthyoplankton aggregations in the inshore region 
have been allied to a number of physical and environmental factors . For example, many 
studies have reported higher densities in spring and summer in both the surf zone 
(Whitfield 1989c) and estuaries (Melville-Smith & Baird 1980; Whitfield 1989a; Neira et 
aI. 1992; Neira & Potter 1994; Harris & Cyrus 1995). These peaks in abundance 
coincide with blooms of planktonic food sources which predominate during periods of 
warmer temperatures . Indeed, it has been suggested that the fish have adapted their 
spawning strategies to local hydrographic conditions to maximize the spatial and 
temporal coincidence of larvae and food items (Dickey-Coil as et at. 1996). However, 
the occurrence of fish larvae throughout the year, particularly species associated with 
estuaries, is also well documented (Melville-Smith & Baird 1980; Yoklavich et aI. 1992). 
Ichthyoplankton densities within the surf zone at Kleinemonde peaked during early 
spring (August and September) largely due to the contribution of a single species 
(Rhabdosarglls holubi) which accounted for more than 77% of the overall catch. Harris 
& Cyrus (1996) also noted peaks of abundance for R. hollibi in June and August and 
Melville-Smith & Baird (1980) recorded larvae of this estuarine dependent species 
(category IIa) throughout the year. Therefore, it appears that this and possibly other 
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estuary-associated taxa exhibit a spawning strategy to ensure an almost continuous 
supply of larvae throughout the year to optimally utilize temporarily open/closed 
estuaries because of unpredictable and sporadic mouth opening events. 
Grimes & Kingsford (1996) suggested that river discharge (plumes) carrying high 
nutrient loads playa significant role in the recruitment of fishes associated with estuaries. 
In addition, decreased salinity and increased turbidity, which characterize estuarine 
discharge water, may be important in eliciting a recruitment response for different fish 
specles. Martin et al. (1992) found that the recruitment densities for most 
ichthyoplankton species in the St Lucia estuary increased with elevated turbidities. 
Harris & Cyrus (1996) recorded a decrease in fish densities and turbidity with increasing 
distance from the mouth of the St Lucia estuary. Whitfield (1989c) also found that mean 
overall densities were higher at sampling stations closer to the mouth of the Swartvlei 
estuary. These findings all support the suggestion that a suite of physical factors may act 
as cues for estuary-associated ichthyoplankton in search of estuary mouths (Boehlert & 
Mundy 1988; Whitfield 1989c). 
Finally, estuaries are known to be valuable contributors to both recreational and 
commercial fisheries production (Houde & Rutherford 1993). However, the early life 
history (larval stage) of many exploited estuarine dependent species such as 
Argyrosomus japoniclls, Lichia amia, Lithognathus lithognathlls and Pomadasys 
commersonnii is poorly understood. The absence (or minor contribution) of their larvae 
or post-larvae in the catches in the surf zone at Kleinemonde (this study), Swartvlei 
(Whitfield 1989c) and St Lucia (Harris & Cyrus 1996) suggest that these species do not 
use the surf zone as an interim nursery area. It is possible that they utilize neritic 
offshore waters or coastal embayments as larval nursery areas and only enter estuaries as 
metamorphosed early juveniles. The reported minimum cohort size range for these 
species occurring in estuaries provides evidence for this hypothesis (Table 3.4). The 
general lack of information on the early larval stages of these and many other exploited 
linefish species warrants further detailed investigation. 
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Table 3.4 The reported minimum cohort size range of some important linefish species which are 
dependent on estuaries as juveniles. 
Species Size class Reference 
Argyrosomus japonicus 20- 30 mm TL Griff~hs (1996) 
Uchia amia 3Q-40mmTL Whitfield & Kok (1992) 
Lithognathus lithognathus 18 -50 mm TL Bennett (1989a) 
15-2OmmTL Whitfield & Kok (1992) 
34 mm SL (min) this study 
Pomadasys commersonnii 2O-30mmTL Wallace & van de, Elst (1975) 
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CHAPTER 4 
ESTUARINE FISH COMMUNITY STRUCTURE 
4.1 INTRODUCTION 
Ichthyofaunal studies on individual South African estuarine systems at the community 
level are largely in the form of general surveys (e.g. Whitfield et at. 1994; Harrison & 
Whitfield 1995; Ter Morshuizen et at. 1996). The assimilation of baseline information 
such as species composition, size composition and distribution is however important to 
obtain a better understanding of the dynamics of these communities. Furthermore, the 
collection of such data assists with investigating human induced disturbances on 
estuarine fish communities and other management related issues such as resource 
utilization. 
This study forms part of a wider investigation to elucidate aspects of the ecology, 
particularly population dynamics, of the fish community within the temporarily 
open/closed East Kleinemonde estuary. The aims of the present study were to examine 
the species composition, size composition and distribution of the ichthyofauna associated 
with this estuary. 
4.2 MATERIALS AND METHODS 
The ichthyofauna of the East Kleinemonde estuary was sampled using a variety of gear, 
which included a small mesh seine net, a large mesh seine net and a fleet of gill nets . 
Different gear types were used to target specific species groups and/or size ranges of the 
fishes (Table 4.1). Based on collection efficiency, quantitative catch data was gathered 
from either the small mesh or the large mesh seine net for individual species. For 
example, the catches of the smaller estuarine-spawning species were more representative 
using the small mesh seine net, therefore quantitative data for these species were not 
recorded from the large mesh seine net. 
The large mesh seine net (50 m x 2 m with a 15 mm bar mesh), fitted with a bag, was 
used to target most of the marine-spawning species of all sizes excluding the small size 
classes « 40 mm SL) which were able to escape through the net. Netting was carried 
out during daylight hours (mostly between 09hOO and 14hOO) on III separate days 
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between April 1993 and March 1996. Due to fluctuations in water depth during the 
study period, as a result of mouth opening and closing events, sampling stations where 
selected randomly in areas where the net could be laid unobstructed (Figure 4.1). 
Sampling was conducted in a variety oflittoral habitats (i.e. sandy, muddy and vegetated 
areas) in each ofthe three reaches (lower, middle and upper) of the estuary. The net was 
laid in a semi-circle from a motorized boat and hauled ashore by three or four people, 
ensuring that the foot rope (lead line) was dragged along the bottom. The area covered 
by the net was dependent on the width of the estuary. In the lower reaches (widest 
portion of the estuary) the area sampled was calculated at approximately 550 m2 In the 
middle and upper reaches the net covered areas of approximately 525 m2 and 500 m2 
respectively. All fish captured with this seine net were measured with a measuring board 
to the nearest mm standard length (SL) in the field and returned alive to the water. 
Table 4.1 The targeted species groups and size ranges for each sampling gear type used in the East 
K1einemonde estuary. 
Sampling gear Targeted species group Targeted size range as a 
result of net selectivity 
Srna ll mesh Estuarine-spawning species 
seine net and small marine-spawning Entire size range excluding very 
species small size classes « 10 mm SL) 
Large mesh Marine-spawning species Entire size range excluding 
seine net and freshwater species small size classes « 40 mm SL) 
Gill nets Marine-spawning species Larger size classes (> 100 mm SL) 
and freshwater species 
The small mesh seine net (30 m x 2 m with a 5 mm bar mesh), fitted with a bag, was used 
to target the estuarine-spawning species and the smaller marine-spawning species (e.g. 
Solea bleekeri and Heteromycteris capensis). The general sampling procedure was the 
same as with the large mesh seine net. Netting was conducted during daylight hours at 
selected sites in the estuary on seven separate occasions between April 1995 and January 
1997. A total of eight sampling stations, covering a range of habitats, were selected in 
unobstructed areas with gently sloping banks (Figure 4.1). The net was deployed from a 
motorized boat and the procedure was performed in the same manner at each sampling 
station. The area covered by the net was calculated at approximately 100 m2 The fish 
captured using this net were brought back to the laboratory, with the exception of some 
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larger individuals and Syngnathus watermeyeri which were measured in the field and 
released. Standard length measurements were taken for all species. 
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Figure 4.1 Map of the East Kleinemonde estuary showing the sampling stations (a-h = small seine net 
sites; 1-21 = large seine net sites; A-F = gill net sites) and the extent of the three reaches 
(lower, middle and upper). 
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Gill nets were used to sample both marine-spawning and freshwater species, particularly 
the larger individuals, which are known to actively avoid seine nets (Rozas & Minello 
1997). Gill net sampling was kept to a minimum to avoid killing excessive numbers of 
fish in the estuary which would negatively influence the sampling program aimed at 
estimating population sizes, using mark-recapture techniques. Sampling was conducted 
at night on four separate occasions (2 November 1995, 2-3 June 1996 and 30 January 
1997). Each net (10m) consisted of three equal lengths of 45 mm, 75 mm and 100 mm 
stretch mesh and were deployed in the evening (at approximately 18hOO) and lifted the 
following moming (at approximately 06hOO). On each sampling occasion two nets were 
set in each of three regions (lower, middle and upper) of the estuary (Figure 4.1). 
All fish taxa sampled during this study were identified using Smith & Heemstra (1986) 
and assigned an estuary-association category using the descriptions given in Table 4.2. 
To avoid subjective evaluation of spatial trends in the fish community, multivariate 
analyses of the two seine netting data sets were performed using the software program 
PRIMER v3.lb (Clarke & Warwick 1994). The data for all samples obtained from each 
station throughout the study were pooled and the relationship between species groups 
and sampling stations were examined using classification (Bray-Curtis similarity) and 
ordination (multidimensional scaling) techniques. 
Table 4.2 The estuarine association categories of fishes which utilize southern African estuaries (after 
Whitfield 1998). 
Category Description of categories 
I Estuarine species which breed in southern African estuaries. Further subdivided into: 
I a. Resident species which have not been recorded spawning in marine or freshwater environments. 
I b. Resident species which also have marine or freshwater breeding populations. 
II Euryhaline marine species which usually breed at sea with juveniles showing varying degrees of 
dependence on southern African estuaries. Further divided into: 
II a. Juveniles dependent on estuaries as nursery areas. 
II b. Juveniles occur mainly in estuaries, but are also found at sea. 
11 c. Juveniles occur in estuaries but are usually more abundant at sea. 
III Marine species which occur in estuaries in small numbers but are not dependent on these systems. 
IV Freshwater species, whose penetration into estuaries is determined primarily by salinity tolerance. 
This category includes some species which may breed in both freshwater and estuarine systems. 
V Catadromous species which use estuaries as transit routes between the marine and freshwater 
environments but may also occupy estuaries in certain regions. Further divided into: 
V a. Obligate catadromous species which require a freshwater phase in their development. 
V b. Facultative catadromous species which do not require a freshwater phase in their development. 
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4.3 RESULTS 
4.3.1 Ichthyofaunal assemblage 
Altogether, 30 fish species representing 17 families were recorded in the East 
Kleinemonde estuary (Table 4.3). Most families were represented by a single species, 
with the exception of the Carangidae (three species), Gobiidae (three species), 
Haemulidae (two species), Mugilidae (five species), Soleidae (two species) and Sparidae 
(four species). In terms of estuarine association categories, the euryhaline marine species 
(category II) dominated the catch composition (Figure 4.2). Marine-spawning species 
which are dependent on estuaries as nursery areas (category IIa) constituted 30% of all 
taxa recorded, followed by category lIb (17%) and category IIc (13%). The categories 
comprising the estuarine-spawning species (categories Ia and Ib) were represented by six 
species (20%), while the marine species which are not dependent on estuaries (category 
III) were represented by three species (10%). The euryhaline freshwater species 
(category IV), the obligate catadromous species (category Va) and the facultative 
catadromous species (category Vb) were each represented by a single species. 
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Figure 4.2 The percentage frequency of occurrence (% FO) of species in each estuary-dependence 
category sampled in the East Kleinemonde estuary between April 1993 and January 1997 
(closed bars), and of all fishes which utilize southern African estuaries (open bars; after 
Whitfield 1998). 
The occurrence (% FO) of species in the estuary-dependence categories la, Ib, IV, Va 
and Vb (i.e. estuarine, freshwater and catadromous species) in the East K1einemonde 
estuary were similar to that of all species which utilize southern African estuaries (Figure 
4.2). However, the frequency of marine species (categories IIa, rIb, Hc and III) in the 
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East Kleinemonde estuary decreased with a decreasing dependence on estuaries (i. e. 
from IIa to III), while Whitfield (1998) showed that the number of these species usually 
increases with decreasing estuarine dependence in southern African estuaries (Figure 
4.2) This is probably a result of the predominantly closed condition of the mouth of the 
East Kleinemonde estuary during this study. 
Table 4.3 !chthyofaunal species recorded in the East K1eincmonde estuary using gill nets (GN), small 
(SS) and large mesh (LS) seine nets (* denotes a record from recreational angling). The 
estuary-dependence categories are after Whitfield (1998). 
Estuary-
Family Species Common name dependence Sampling 
category gear 
Anguillidae Angu;ffa marmorata Madagascar mottled eel Va LS 
Atherinidae Athenna breviceps Cape silverside la S8, LS 
Carangidae Caranx sp. Kingfish lib? LS 
Uchia arnia Leervis Iia LS,GN 
Trachinotus africanus Southern pompano III LS 
Cichlidae Oreochromis mossambicus Mozambique tilapia IV S8, LS, GN 
Clupeidae Gilchristella aestuaria Estuarine roundherring la SS, LS 
Elapidae Elops machnata Ladyfish lIa • 
Gobiidae Caffrogobius giJchristJ Prison goby Ib SS 
G/ossogobius callidus Estuarine goby Ib SS, LS 
Psammogobius knysnaensis Knysna sandgoby Ib? SS, LS 
Haemulidae Pomadasys oIivaceum Piggy III LS 
Pomadasys commersonnii Spotted grunter lIa LS,GN 
Monodactylidae Monodactylus fa/cifonnis Cape moony Iia SS, LS, GN 
Mugilidae Uza dumerifii Groovy mullet l ib SS, LS, GN 
Uza richardsonii Southern mullet lie SS, LS, GN 
Uza tricuspidens Striped mullet lib SS, LS 
MugiJ cephalus Flathead mullet lIa SS, LS, GN 
Myxus capensis Freshwater mullet Vb SS, LS, GN 
Pomatomidae Pomatomus sa/latrix Elf lie • 
Sciaenidae Argyrosomus japonicus Dusky kob lIa LS 
SoJeidae Heteromycteris capensis Cape sole l ib SS, LS 
Solea bfeekeri Slackhand sale lib SS, L8 
Sparidae DipJodus sargus capensis Siaektan lie LS 
uthognathus lithognathus White steenbras lIa LS,GN 
Rhabdosargus he/ubi Cape stumpnose Iia SS, LS, GN 
Sarpa salpa Strepie lie LS 
Syngnathidae Syngnathus watermeyeri Estuarine pipefish la SS, LS 
T eraponldae Terapon jarbua Thornfish lIa • 
Tetraodontidae Amblyrhyncotes honkenii Evileye blaasop III • 
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4.3.2 Small mesh seine net 
Catch composition 
Although 16 species were captured in the small mesh seine net (Table 4.3), quantitative 
records were only kept for the six estuarine-spawning species and the two small marine-
spawning species (viz. Heteromycteris capensis and Solea bleekeri). The overall catch 
composition of these taxa was numerically dominated by Gilchristella aestuaria 
(59 .6%), Atherina breviceps (23%) and Glossogobius callidus (14.4%), while 
Psammogobius knysnaensis, Caffrogobius gilchristi, Syngnathus watermeyeri, 
Heleromycteris capensis and Solea bleekeri collectively contributed only 3% (Table 
4.4). 
Table 4.4 The catch composition in order of family abundance and size composition (mean, standard 
deviation and range) of the fish taxa sampled with the small mesh seine net in the East 
Kleinemonde estuary between April 1995 and January 1997. 
Number % catch Mean Standard Length 
Species caught composition Rank SL (mm) deviation range 
Clupeidae 1 
Gilchristella 8estuaria 7481 59.6 1 35.1 7.7 15- 60 
Antherinidae 2 
Atherina breviceps 2884 22.9 2 35.3 8.2 19- 62 
Gobiidae 3 
GJossogobius caflidus 1808 14.4 3 41 .6 12.8 10 -92 
Psammogobius knysnaensis 318 2.5 4 35.0 8.5 21 - 55 
Caffrogobius gilchristi 5 0.04 7 37.4 3.5 33-42 
Syngnathidae 4 
Syngnathus watermeyeri 43 0.3 5 104.3 9.5 84 -1 28 
Soleidae 5 
Heteromycteris capensis 7 0.05 6 69.1 8.1 56-79 
Solea bleekeri 2 0.02 8 53.5 2.1 52-55 
Analysis of the size range distributions revealed the presence of all post-larval life history 
stages for the dominant species. The sizes of Gilchristella aestuaria ranged between 15 
mm and 60 mm SL, with a bimodal size class distribution (Figure 4.3a). The sizes of 
Atherina breviceps, Glossogobius callidus and Psammogobius knysnaensis ranged from 
19 - 62 mm, 10 - 92 mm and 21 - 55 mm SL respectively (Table 4.4). The modal size 
class for A. breviceps and G. callidlls were 30 - 34 mrn SL (Figure 4.3b) and 40 - 44 mm 
37 
w 
co 
i ;: 
f>-
'" ~ Cl 5' 0- h 
CD t; &g 
" c -!S OQ =--
..... g. ::r 
;:3 - . (11 
-"'" .,. '"  
" " " tIl <> " ~ ~.Q 
-<>.. c::;~~ 
" -s· § & a ;:: g. 
o ... 0 
" ~ " c. ~(lI~(p 
" <> ~ 2 3 -~ ~ .e 
.;:I ~ Cl 
or c -, 
(b<::J-() 
~ ;::' ~ ~ t., ~. 
,::I ~ (? 
-6" § is' 
::1. ~ c 
-'" '" 
- ~ ~ ~;';;' 5 
Va U'J :::s, 
~ ~ .. '0:::1 i5..g ? 
ii;'ti"-
"c.:.. 
63 ~ So 
..:::! .... . ~ 
...... go ~. 
'0-<> \Og<::r 
:--> .... 
~ '" i3 '" e. r;' 
-~ i3 ,., 
,,~ 
~ " .,. ~
C/) 
~' 
!l 
., 
til 
til 
~ 
3 
3 
~ 
a 
0-9 
10-'4 
15-19 
20-24 
25-29 
Frequency (%) 
~ 
a '" '" ./> a a a 
-c. 
-
30-34 ,'-TU"!'~' . :(1 J ~::lI'-" -
35-39 
40·44 
45-49 
50-54 
55-59 
60-64 
65·69 
70-74 
75-79 
80-84 
85·89 
90·94 
=> 
" 
'" ~ (D 
a 
0-9 
10-14 
15-19 
20-24 
25-29 
30-34 
35·39 
40-44 
45-49 
50-54 
55·59 
60-64 
65-69 
70-74 
75-79 
80-84 
85-89 
90-94 
Frequency (%) 
a 
" i:"-;i 
" 
". 
." .. 
'" a '" a 
-(") 
-
=> 
" ~
./> 
en 
./> 
Frequency (%) 
./> ~ 
'" '" 
./> 
a a a a a a 
i 
0-9 
-C" 
0-9 
-10·14 10·14 
15·19 15-19 
20-2. 20-24 
25-29 25·29 
30-34 30·34 
35-39 35-39 
40-44 40-44 
45-49 45-49 
50-54 50-54 
55-59 55-59 
60-S4 60·64 
65-69 => 65-69 
" 70-74 
'" 
70·74 
'" Ol 
75·79 
./> 
75-79 
80·84 80-84 
85·89 85-89 
90·94 90-94 
Frequency (%) 
a a 
1 
l 
'" a 
; ,., 
I""~ 
L;--,: I 
L,Ut;,: '1 
:IJ 
~ 
'" a 
-III 
-
J 
=> 
" 
'" a 
'" --..j 
./> 
a 
() 
.,. 
~ 
~ 
... 
b' 
~ e_ 
Q 
S<?-
f 
Chapter 4 Community structure 
SL (Figure 4.3c) respectively. Psammogobills knysnaensis had a bimodal size 
distribution with peaks at 25 - 29 mm SL and 45 - 49 mm SL (Figure 4 .3d). The catches 
of Caffrogobills gilchristi, Heteromycteris capensis and Solea bleekeri were represented 
by only a few juvenile individuals, and Syngnathlls watermeyeri by a few adolescent and 
adult specimens. The absence of all life history stages for these estuarine-spawning 
species is attributed to the low sample sizes. 
Distribution 
The spatial trends in fish abundance were analysed from catch data. The mean catch per 
seine haul (CPUE) of the four dominant species sampled with the small mesh seine net in 
each of the three reaches of the estuary are given in Figure 4.4. 
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o Lower 
0 300 
c 
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.. 200 :E 
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G. -aestuaria . - -A. breviceps - - -G. callidus P. knysnaensis 
Figure 4.4 The mean CPUE of Gilchristello oestuorio, Atherino breviceps, Glossogobius callidus and 
Psammogobius knysnaensis sampled with the small mesh seine net in the upper, middle and 
lower reaches of the East K1einemonde estuary. 
The two dominant pelagic species showed inverse distributional patterns. Gilchristella 
aestllaria was more abundant in the upper reaches, while Atherina breviceps was more 
abundant in the lower reaches. A similar trend was observed for the two dominant 
benthic species. Glossogobills callidlls occurred throughout the estuary but was more 
abundant in the upper reaches, while Psammogobills lmysnaensis occurred only in the 
sandy areas of the lower reaches (Figure 4.4). The distribution of Syngnathlls 
watermeyeri, on the other hand, was site specific because of their association with 
submerged macrophyte (Ruppia cirrhosa) beds, which occur mostly above the road 
bridge. The distribution of the other species caught with the small mesh seine net 
revealed no distinct trends . This is possibly due to the small sample sizes. 
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The distributional affinities of the eight species collected at each sampling site were 
analysed using the Bray-Curtis measure of similarity (Figure 4.5a). Despite the overall 
high level of similarity in the community, two distinct cluster groups were identified. 
The samples collected at sites with a sandy substratum in the lower reaches of the 
estuary (sites a and b) were distinguished from those collected at the other sites at the 
70% similarity level. The other sampling sites (c to h) are characterized by a muddy 
substratum. This grouping was also portrayed in the ordination plot (Figure 4.5b) using 
multidimensional scaling on the same similarity matrix as above. 
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Figure 4.5 (a) Dendrogram sho"ing the classification and (b) ordination by means of multi-
dimensional scaling of the small mesh seine net fish assemblage. The sites with a sandy 
substratum in the lower reaches are encircled with a dashed line. 
4.3.3 Large mesh seine net 
Catch composition 
A total of 25 species representing 18 families were recorded in the large mesh seine net 
catches (Table 4.3). The overall catch composition was dominated by the marine-
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spawning species. Rhabdosarglls holubi was by far the most abundant species (75.3%), 
followed by three mugilids [Liza richardsonii (5 .7%); Myxus capensis (5.5%); Liza 
dumerilii (4%)], Monodactylus falciformis (3 .2%) and Lithognathus lithognathus 
(2.6%). The other species collectively contributed only 3.7% (Table 4.5). 
Table 4.5 The catch composition in order of family abundance and size composition (mean, standard 
deviation and range) of fishes captured with the large mesh seine net in the East 
Kleinemonde estuary between April 1993 and March 1996. 
Number % catch Mean Standard Length 
Species caught composition Rank SL (mm) deviation range 
Sparidae 1 
Dip/odus sargus aapensis 12 0.04 12 52 21 .8 26·80 
Uthognathus Hthognathus 842 2.6 6 144.1 71 .6 34· 382 
Rhabdosargus hofubi 24409 75.3 1 81 .7 18.5 23·222 
Sarpa saJpa 224 0.7 8 84.4 8 .1 37 ·107 
Mugilidae 2 
Uza dumeriJii 1303 4 4 138.2 44.8 51 ·285 
Uza richardsonii 1861 5 .7 2 157.1 46.5 49·= 
Liza tricuspidans 37 0.1 11 127.4 35.4 93·244 
Mugif cepha/us 224 0 .7 8 138 48.7 46·398 
Myxus cspensis 1785 5.5 3 166.6 48.4 63 ·375 
Monodactylidae 3 
Monodactyfus falciformis 1042 3.2 5 67.8 22.7 16· 141 
Cichlidae 4 
Oreochromis mossarnbicus 559 1.7 7 123.6 98.9 20· 300 
Carangidae 5 
Caranx sp. 12 0.04 12 130.8 19.5 104 · 164 
Uchis arnia 71 0.2 9 354.2 85.4 264· 580 
Trachinotus afn'canus 1 <: 0.01 13 130 
· · 
Haemulidae 6 
Pomadasys oIivaceum 1 <0.01 13 75 · · 
Pomadasys commersonnii 44 0.1 10 318.5 161 .7 79·586 
Sciaenidae 7 
Argyrosomus japanicus 1 <: 0 ,01 13 446 · 
· 
Anguillidae 7 
Anguilla marmorata 1 <0.01 13 not taken 
· · 
The vast majority of fishes caught with the large mesh seine net were juveniles (Table 
4.5). The species that were only represented by juvenile sizes classes included Caranx 
sp., Lichia amia, Trachillotus ajricanus, Pomadasys olivaceum, Argyrosomus 
japoniclls, Diplodus sargus capel1sis, Lithognathus lithognathus and Sarpa salpa. 
Species that were also represented by adult specimens included Pomadasys 
commersonnii, Monodactylus falciformis, Rhabdosargus holuhi, Liza dumerilii, Liza 
richardsonii, Liza tricuspidens, Myxus capellsis, Mugil cephalus, and the freshwater 
cichlid Oreochromis mossambicus. 
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The length frequency distributions for the dominant species captured in the large mesh 
seine net are given in Figures 4.6 and 4.7. 
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Figure 4.6 Length frequency distributions for (a) Rhabdosargus holubi. (b) Lilhognalhus lilhognalhus, 
(c) Monodactylus falciformis and (d) Oreochromis mossamhieus sampled with the large 
mesh seine net (closed bars) and gill nets (open bars) in the East Kleinemonde estuary. 
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Figure 4.7 Length frequency distributions for (a) Liza richardsonii , (b) Liza dumerilii , (c) Myxus 
capensis and (d) Mugil cephahlS sampled with the large mesh seine net (shaded bars) and 
gill nets (open bars) in the East K1einemonde estuary. 
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Distribution 
The principal marine-spawning species in the East Kleinemonde estuary, Rhabdosargus 
holllbi, showed a clear preference for the lower reaches. The mean catch per seine haul 
(CPUE) in the lower reaches (47.7) was higher than in the middle (27.2) and upper 
(25.1) reaches. The distributional trends, based on CPUE, for the other dominant 
marine-spawning species captured in the large mesh seine net are given in Figure 4.8. 
Liza richardsonii showed no distinct distributional trends, but Liza dllmerilii was more 
abundant in the lower reaches. Conversely, the other mugilids (MugU cephallls and 
MyxlIs capensis) were more abundant in the upper reaches of the estuary. Most 
Lithognathlls lithognathlls were recorded in the lower reaches while the majority of 
Monodactylllsfalciformis were caught in the upper reaches (Figure 4.8). 
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Figure 4.8 The mean CPUE for several marine-spawning species captured with the large mesh seine 
net in the three reaches of the East K1einemonde estuary. 
Classification and ordination of the fish fauna sampled with the large mesh seine net at 
sites 1-21 (excluding sites 4 and 18) are given in Figure 4.9. Sampling sites 4 and 18 
were excluded because initial analyses revealed that they were unrepresentative due to 
the very low number of seine hauls conducted at these sites. The Bray-Curtis 
classification grouped the entire fish community at a similarity level in excess of 70%. 
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Similar to the small mesh seine net assemblage, the samples collected at sites in the sandy 
areas of the lower reaches (sites 
(Figure 4.9). 
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Figure ".9 (a) Dendrogram showing the classification and (b) ordination by means of multi-
dimensional scaling of the large mesh seine net fish assemblage. The sites with a sandy 
substratum in the lower reaches are encircled with a dashed line. 
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4.3.4 Gill nets 
Catch composition 
A total of 284 fishes from 10 spectes and six families were recorded in the gill nets 
catches (Table 4.6). According to their estuarine association categories, marine-
spawning species which are dependent on estuaries (category IIa) dominated the catch 
composition with six species, while categories lIb, IIc, IV and Vb were each represented 
by a single species. No estuarine-spawning species were recorded in the gill nets due to 
the small size of these fish. The gill net assemblage was not analysed spatially due to the 
paucity of data. 
Table 4.6 The catch composition in order of family abundance and size composition (mean, standard 
deviation and range) of the fish taxa sampled with the gill nets in the East Kleinemonde 
estuary. 
Number % catch Mean Standard Length 
Species caught composition Rank SL (mm) deviation range 
Mugilidae 1 
Uza richardson;; 41 14.4 3 244.8 34.2 189-303 
Mugi/ cephalus 59 20.8 2 299.2 62.3 181 - 4SO 
Myxus capensis 26 9.2 5 254.7 38.2 193 - 303 
Monodactylidae 2 
Monodacty/us falciformis 75 26.4 1 111.6 14.1 69 -128 
Sparidae 3 
Rhabdosargus ho/ubi 38 13.4 4 108.1 7.2 94-123 
Uthognathus lithognathus 8 2.8 7 250.1 64.8 195 - 383 
Cichlidae 4 
Oreochromis mossambicus 17 6.0 6 222.2 59.3 115 - 3CXJ 
Haemulidae 5 
Pomadasys commersonnii 8 2.8 7 349.9 142.7 150-540 
Carangidae 6 
Uchia arnia 2 0.7 8 448.0 82 300-508 
The catch composltton was dominated by four mullet species which collectively 
contributed 47.9%. At the species level Manadactylus falcifarmis dominated the catch 
composition (26.4%), followed by Mugil cephalus (20.8%), Liza richardsanii (14.4%) 
and Rhabdasargus halubi (13.4%). 
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Although the species composition differed greatly between the gill and seine net samples, 
the most striking difference between the catches from the two gear types was the size 
composition. In most cases the largest individuals for each species were recorded in the 
gill nets (Figures 4.6 and 4.7) and this was attributed to net selectivity. 
4.4 DISCUSSION 
A range of sampling gear, including a small mesh seine net, a large mesh seine net and 
gill nets of various mesh sizes, were used to sample the fishes of the East Kleinemonde 
estuary. Rozas & Minello (1997) state that all sampling techniques have advantages and 
disadvantages which influence the collection efficiencies of individual species. Therefore, 
the use of different gear types allowed for improved representation of the community in 
tenns of diversity and size ranges, but made quantitative comparisons of the fish 
assemblages for each collection technique highly subjective. As a result, the fish 
assemblage for each gear type was treated separately. 
The use of multivariate techniques of classification and ordination have been used to 
describe the structure of fish communities in several South African estuarine systems. 
Bennett (1989a) identified distinct species groups on the basis of season in three Western 
Cape estuaries, and Whitfield et al. (1989) noted similarities within the fish assemblages 
of the Knysna and Swartvlei estuaries based on the presence or absence of vegetated 
substrata. The ichthyofaunal assemblages within the East Kleinemonde estuary revealed 
a high degree of similarity throughout the estuary, but a distinct species grouping was 
identified in association with sandy substrata in the lower reaches of the system. The 
identification of this grouping was recorded at a similarity level of 70% and 72% for the 
small and large seine net assemblages respectively (Figures 4.5 and 4.9) . 
An analysis of the estuarine association categories revealed that the fish community of 
the East Kleinemonde estuary was dominated by juvenile euryhaline marine species 
(categories IIa, IIb and IIc) which collectively comprised 60%. The estuarine species 
(categories Ia and Ib) constituted 20%, the marine species which are not dependent on 
estuaries (category III) comprised 10%, while the euryhaline freshwater species 
(category IV), the obligate catadromous species (category Va) and the facultative 
catadromous species (category Vb) each contributed 3.3% to the overall community. 
Despite the inferior contribution by category III marine species, due to the predominantly 
closed mouth conditions, the East Kleinemonde fish assemblage is characteristic of a 
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typical warm temperate southern African estuary. The overall species diversity is 
however lower when compared with equivalent subtropical systems. For example, 
Harrison & Whitfield (1995) recorded 47 and 56 species in the Mhlanga and Zotsha 
estuaries, respectively. Furthermore, temporarily open/closed estuaries usually have a 
lower species diversity than permanently open estuaries (BelUlett 1989a; Whitfield & 
Kok 1992). Whitfield et at. (1994) recorded a total of 31 and 39 species in the 
neighbouring permanently open Great Fish and Kowie estuaries respectively, while 30 
species were recorded from the East K1einemonde estuary. 
The small mesh seine net assemblage was numerically dominated by two small shoaling 
planktivorous species (Gilchristella aestuaria and Atherina breviceps) which collectively 
constituted 82.6% of the catch. The numerical dominance of these species has been 
recorded in many South African estuarine environments (Beckley 1984; BelUlett 1989a; 
Whitfield et aI. 1989). The success of these species can be ascribed to their typically 
altricial life-history style (Balon 1981) and possession of a number of eurytopic traits 
which include wide distribution and a broad habitat tolerance range (Whitfield 1994b). 
Both species are strongly euryhaline (0 - > 40 %0) and have been found to breed in 
estuaries throughout the year (Talbot 1982; Ratte 1989; Whitfield 1996b). Despite their 
similar life-history styles, the two species showed inverse distributional trends in the East 
Kleinemonde estuary. Gilchristella aestuaria was almost five times more abundant in 
the upper reaches than in the lower reaches, while the abundance of Atherina breviceps 
was more than two fold greater in the lower reaches (Figure 4.4) . Although the 
distribution of Gilchristella aestuaria has been linked to the abundance of suitable prey 
(Ter Morshuizen et at. 1996), as well as spawning behaviour (Talbot 1982), it generally 
prefers the upper reaches of estuaries (Branch & Grindley 1979; Harrison & Whitfield 
1995). 
Glossogobius callidus and Psammogobills knysnaensis in the East Kleinemonde estuary 
revealed a similar distribution pattern to that of Gilchristella aestuaria and Atherina 
breviceps. The numerically dominant goby species (G. callidlls) occurred throughout 
the estuary but was more abundant in the upper · reaches (Figure 4.4). This finding is 
mirrored by several studies in other South African estuaries (Whitfield 1980a; Beckley 
1984; Ter Morshuizen et at. 1996). Harrison & Whitfield (1995) studied the fish 
communities of three KwaZulu-Natal estuaries (Damba, Mhlanga and Zotsha) and found 
that G. callidus was only an important component of the ichthyofauna in those estuaries 
which were characterized by a predominantly muddy substratum. Psammogobius 
knysnaensis, on the other hand, prefers sandy substrata (this study; Whitfield 1988; Ter 
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Morshuizen & Whitfield 1994; Ter Morshuizen et al. 1996), a habitat which usually 
predominates in the mouth region of most estuaries. Therefore, the distribution and 
abundance of Gobiidae in South African estuarine systems appear to be linked to 
substratum type. 
A noteworthy inclusion 111 the East Kleinemonde fish assemblage was the estuarine 
pipefish Syngnathus watermeyeri. This estuarine-spawning species, previously known as 
the river pipefish, was declared extinct according to the 1994 meN Red List of 
Threatened Animals (Groombridge 1993). However, it should not have been classified 
as extinct, since 50 years have not elapsed since the last specimens were collected 
(Whitfield 1995). Syngnathus watermeyeri was known only from the Bushmans, 
Kariega and Kasouga estuaries, and the last specimens were collected in 1963. The 
disappearance of S. watermeyeri from these estuaries (localized extinction) is attributed 
to the prolonged absence of freshwater inflow and the influence of these conditions on 
the available planktonic food supply (Ter Morshuizen & Whitfield 1994; Whitfield 
1994b). Based on the limited knowledge of the BushmanslKariega population, it appears 
that this species has specialized needs in terms of the physical characteristics of an 
estuary. These include sufficient macrophytic plant beds and a regular freshwater supply. 
Whitfield (1995) suggests that pulses of freshwater supply are essential to provide 
nutrients for phytoplankton development, which together with particulate organic 
material brought down by the rivers, support zooplankton communities on which 
Syngnathidae depend for food . At present, the East Kleinemonde estuary offers asylum 
to the only known viable population of Syngnathus watermeyeri. Based on the above 
mentioned criteria, this estuary offers a number of favourable characteristics for it's 
existence. These include dense stands of the submerged macrophyte Ruppia cirrhosa, 
limited freshwater abstraction, low human recreational and development pressures and 
low levels of piscivorous predation. The absence of the longsnout pipefish Syngnathus 
aClls from the East Kleinemonde estuary indicates that potential competition between the 
two syngnathids is also lacking, in contrast to the situation in the Kariega estuary where 
these species lived sympatrically (Whitfield & Ter Morshuizen 1992). 
The presence of life-history stages, ranging from early juvenile to adult size classes 
(Table 4.4), of the dominant estuarine-spawning species (Gilchristella aestllaria, 
Atherina breviceps, Glossogobius callidlls and Psammogobills knysnaensis) indicated 
that they all bred successfully in the East Kleinemonde estuary during the study period. 
Although it is proposed that a viable breeding population of Syngnathlls watermeyeri 
occurs in the East Kleinemonde estuary, no juveniles were recorded. 
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The fishes recorded in the large mesh seine were dominated by Rhabdosargus holuhi 
which constituted 75 .3 % of the overall catch. It was also the most abundant taxon 
within the ichthyoplanktonic component of the surf zone adjacent to the estuary mouth 
(Chapter 3). It is hypothesized that the numerical dominance of this species is a result of 
a suite of specialized life-history characteristics. R. holubi exhibits serial spawning, 
which allows for an almost continuous supply of post larvae which not only recruit 
during open mouth phases but also during bar overwash events. Therefore, this species 
has evolved to optimally utilize 'blind' estuaries because of the temporal uncertainty of 
open mouth phases. The size composition of R. holubi (Table 4.5) in the East 
Kleinemonde estuary indicates that it primarily utilizes this estuary during the first year of 
it 's life cycle. Similar results have been documented from other South African estuaries, 
e.g. West K1einemonde (Blaber 1973b), Sundays (Beckley 1984), Knysna and Swartv1ei 
(Whitfield & Kok 1992), and Great Fish and Kowie (Whitfield et aI. 1994). 
Rhabdosargus holubi was reported to be more abundant in the middle and upper reaches 
of the Knysna, Swartvlei and Kariega estuaries (Whitfield & Kok 1992; Ter Morshuizen 
& Whifield 1994). Hankom & Baird (1984), recorded significantly higher numbers of R. 
holubi in vegetated (Zostera) areas than in non-vegetated areas within the Kromme 
estuary. Whitfield et aI. (1989) also found it to be closely associated with Zostera beds 
in the Knysna and Swartvlei estuaries. The distribution of R. holubi in estuaries 
therefore appears to be linked to the presence of macrophytic beds, which are used as 
foraging and refuge areas. However, this ubiquitous species in the East K1einemonde 
estuary showed a preference for the lower reaches which is not as heavily vegetated as 
the middle and upper reaches. It is possible that the abundance of R. holubi in the lower 
reaches was associated with the epipsammic filamentous algal mats which develop 
between late winter and early summer. Under these conditions frequent catches of more 
than 200 individuals per seine haul were recorded in the lower reaches of the East 
Kleinemonde estuary. Whitfield (1988) reported a similar abundance of R. holubi in 
association with filamentous algal mats in the sandy upper reaches of the Swartvlei 
estuary. 
The distribution of the other Sparidae (Diplodus sargus capensis, Lithognathus 
lithognathus and Sarpa salpa) in the East K1einemonde estuary also showed a preference 
for the lower reaches. The abundance of L. lithognathus, a macroinvertebrate feeder, in 
the lower reaches can be attributed to the dominance of sand prawns (Callianassa 
kraussi) in this region. Diplodus sargus capensis and Sarpa salpa were almost 
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exclusively recorded in the lower reaches, possibly in response to the slightly elevated 
salinity levels within this region (see Figure 2.5). 
The Mugilidae are among the most abundant marine-spawning fishes found in South 
African estuaries (Blaber 1987; Bennett 1989a; Whitfield et at. 1994; Harrison & 
Whitfield 1995). Most species are strongly euryhaline (Whitfield 1996b), have extended 
spawning seasons (Wallace et al. 1984; Blaber 1987; Whitfield & Kok 1992) and are 
able to recruit into estuaries with a range of mouth conditions (Hall et al. 1987; Harrison 
& Whitfield 1995). These traits, together with the fact that they occupy a primary 
position in the food chain (i.e. detrivores), provide the attributes for their successful 
adaptation to estuarine environments. 
The distribution of the dominant mugilids in the East Kleinemonde estuary showed some 
interesting trends (Figure 4.7). Liza richardsonii was common throughout the system, 
but CPUE values for Liza dumerilii were higher in the lower reaches than in the middle 
and upper reaches. Conversely, Myxus capensis and Mugil cephalus revealed a distinct 
preference for the upper reaches. A similar distribution of these two species was 
recorded from the Great Fish and Kowie estuaries (Whitfield et at. 1994). Marais (1981, 
1983) also recorded higher numbers of M cephalus in the upper reaches of the Sundays 
and Gamtoos estuaries. Bok (1979) states that M capensis and M cephalus are 
catadromous species, and therefore show a distinct preference for the riverine areas of 
estuaries in the Eastern Cape. It is tempting to suggest that the distributional trend of 
Mugilidae in the East Kleinemonde estuary is a consequence of resource partitioning, but 
this requires further detailed investigation. 
Monodactylus falciformis (16 - 141 mm SL) was the fifth most dominant taxa in the 
large mesh seine net catches in the East Kleinemonde estuary (Table 4.5). This species 
showed a distinct preference for the upper reaches of the estuary. Similar trends have 
been documented by several authors (inter alia Beckley 1983, 1984; Whitfield 1984; 
Whitfield & Kok 1992; Ter Morshuizen et al. 1996). Ter Morshuizen & Whitfield 
(1994) also reported a higher abundance of this species in the upper reaches of the 
Kariega estuary which was characterized by a reversed salinity gradient. Consequently, 
they indicated that factors other than salinity attract M falciformis to the upper reaches 
of estuaries. 
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Gill netting provided an alternative collection method which is known to be effective in 
sampling larger individuals and highly mobile fish which actively avoid seine nets (Marais 
1985). A distinct difference in the size and species composition was observed between 
the gill net and the seine net fish assemblages. The gill net catch composition consisted 
mostly of marine-spawning species that were consistently larger than those represented 
in the seine net catches (Figures 4.6 and 4.7) 
The numerical dominance of Monodactylus falciformis and Mugil cephalus in the gill 
nets suggest that these species actively avoid seine nets. M falciformis, which is known 
to be associated with vegetated areas (Beckley 1984; Hanekom & Baird 1984; Whitfield 
1984), has a decreased seine net catch efficiency. It is also possible that the elevated gill 
net catches of this species are a result of increased nocturnal activity. Mugil cephall/s, 
on the other hand, actively avoids seine nets by jumping over the bouyed head rope of 
the encircling net. Catches of Pomadasys commersonnii and larger individuals (180 -
300 mm SL) of other mugilid species (e.g. Liza richardsonii, Liza dllmerilii and Myxus 
capensis) were also higher in the gill nets than in the seine nets. 
4.5 SUMMARY 
• The fish community of the East Kleinemonde estuary is dominated by estuarine 
dependent marine-spawning species and represents that of a typical warm temperate 
southern African estuary. 
• The low species diversity is a consequence of the estuary being closed to the sea for 
much ofthe year. 
• Multivariate analyses (classification and ordination) of the catches revealed a high 
degree of similarity throughout the estuary, except for samples collected at sites with 
a sandy substratum in the lower reaches of the estuary. 
• The marine-spawning group of fishes were dominated by juvenile size classes. 
• The dominant estuarine-spawning species were represented by all post larval life-
history stages, which suggests that they bred successfully in the estuary. 
• The numerical dominance of Rhabdasarglls hall/bi and several Mugilidae species was 
attributed to the fact that they exhibit an extended breeding season and are able to 
recruit under adverse (overwash) mouth conditions. 
• The East Kleinemonde estuary offers asylum to the only known viable population of 
SYllgnathlls watermeyeri . 
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CHAPTERS 
DYNAMICS OF THE ESTUARINE-SPAWNING SPECIES 
5.1 INTRODUCTION 
Estuarine fish communities In southern African are characterized by numerous 
migratory marine-spawning species and relatively few resident estuarine-spawning 
species (Blaber 1981 ; Day et at. 1981; Whitfield 1994b). According to Whitfield 
(1998), species which spawn in estuaries account for 27% of the total estuarine 
ichthyofauna, while 39% consists of those taxa which utilize estuaries as nursery or 
foraging areas and the remaining 34% include catadromous species, euryhaline 
freshwater species and a group of marine stragglers. Despite their low species 
diversity, certain estuarine-spawning species (e.g. Gilchristella aesluaria) are major 
contributors towards the overall abundance and biomass of fishes in both 
permanently open and temporarily open/closed estuaries (Beckley 1983; Bennett 
1989a; Whitfield el aT. 1994; Harrison & Whitfield 1995). 
Temporarily open/closed systems such as the East Kleinemonde estuary are subjected 
to rapid habitat alteration over very short time periods. Mouth opening events, often 
associated with periods of high rainfall result in sudden drops in water level. During 
the open mouth phase, marine-spawning species which have been trapped in the 
estuary are able to return to the marine environment and postlarval individuals are 
afforded the opportunity to recruit into the estuary. The changes within fish 
communities arising from mouth opening and closing events have been documented 
from two large temporarily open/closed estuaries in the Western Cape (Bennett et aT. 
1985; Kok & Whitfield 1986). These studies highlighted the benefits of frequent 
openings for the marine species. However, little is known about the effects of mouth 
opening and closing events on the population dynamics of resident estuarine-
. . 
spawmng species. 
The aim of this study was to compare the temporal changes in species composition, 
size composition and abundance of the estuarine-spawning species in the East 
Kleinemonde estuary. The results are based on seine net catches, which represent a 
series of snapshots taken over a period of two years . 
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5.2 MATERIALS AND METHODS 
Quantitative sampling of the estuarine-spawning species was conducted during 
daylight hours at eight selected sites in the East Kleinemonde estuary (see Figure 4 .1) 
on seven occasions between April 1995 and January 1997, using a seine net. The net 
(30m x 2m with a 5mm bar mesh) was laid in a semi-circle using a boat and swept an 
area of approximately 100 m" The fish sampled were brought back to the laboratory 
and measured to the nearest mm standard length (SL), with the exception of 
Syngnathus watermeyeri specimens which were measured and released in the field. A 
sub-sample for each species was retained and individually weighed to the nearest 
0.01 g to obtain length-mass relationships (Appendix 2). The relative abundance of 
each species is expressed in terms of numbers per square meter (n m-2) and biomass 
estimates were standardized to grams (wet mass) per square meter (g m-2) The mean 
density estimates obtained for each species captured in the three different 
geographical regions was multiplied by it's corresponding area and then collectively 
summed to obtain a density extrapolated population size estimate for the entire 
estuary. 
The species included in this study were those which have been reported to breed in 
estuaries . According to Whitfield's (1998) estuary-association classification they 
include species from category Ia (resident estuarine species which have not been 
recorded spawning in marine or freshwater environments) and category Ib (resident 
species which also have marine and/or freshwater breeding populations). 
5.3 RESULTS 
5.3.1 Taxonomic composition 
A total of six estuarine-spawning species from four families were recorded in the East 
Kleinemonde estuary (Chapter 4) . The category Ia species (after Whitfield 1998) 
were Atherina breviceps, Gilchristella aestuaria, and Syngnathus watermeyeri and the 
category Ib species were Caffrogobius gilchristi, Glossogobius callidus and 
Psammogobius knysnaensis. 
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5-3.2 Temporal changes in size composition 
Gilchristella aestuaria 
The sizes of Gilchristella aestuaria collected during this study ranged from 15 mm to 
60 mm SL, with a mean ± standard deviation of35.1 ± 7.7 mm (see Table 4.3). Most 
G. aestuaria collected between April and August 1995 ranged between 35 mm and 50 
mm SL, with all subsequent samples including individuals of less than 30 mm SL. 
The widest size range (17 - 60 mm) was recorded in December 1995 (Figure 5.1) . 
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Figure 5.1 The size composition and number of Gilchristella aestuaria sampled on seven separate 
occasions between April 1995 and January 1997. 
Atherina breviceps 
The sizes of Atherina breviceps collected during this study ranged from 19 mm to 62 
mm SL, with a mean ± standard deviation of 35 .3 ± 8.2 mm (see Table 4.3). 
Specimens captured between April and September 1995 were all in the larger (>30 
mm SL) size classes. A significant (F = 57.6 P < 0.001) decrease in the mean 
individual size was observed between September and December 1995 which dropped 
from 46 .8 mm to 32.8 mm SL, due to the inclusion of smaller size classes. The size 
composition of A. breviceps collected in June 1996 and January 1997 were similar to 
the December 1995 sample which consisted mostly of the smaller (25 - 35 mm) size 
classes (Figure 5.2). 
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Figure 5.2 The size composition and number of Atherina breviceps sampled on seven separate 
occasions between April 1995 and January 1997. 
Glossogobius callidus 
The sizes of Glossogobills callidlls collected during this study ranged between 10 mm 
and 92 mm SL, with a mean ± standard deviation of 4l.6 ± 12.8 mm (see Table 4.3). 
Larger size classes (30 - 50 mm) of G. callidlls predominated in the April to 
September 1995 samples . Similar to Atherina breviceps and Gilchristella aestllaria, 
smaller size classes were observed in the December 1995 sample. The mean 
individual size decreased significantly (F = 9.0 : p = 0.003) from 45 .2 mm to 35 .2 
mm SL between September and December 1995. The samples collected in June 
1996 and January 1997 included a wide range of size classes, but the mean values 
were similar to those recorded on previous sampling occasions (Figure 5.3). 
Other species 
Monthly size composition comparisons were not possible for Caffrogobills gilchristi , 
Psammogobills knysnaensis and Syngnathlls watermeyeri due to the low numbers of 
fish in each sample. Most (97%) of the P. knysnaensis specimens were collected in 
June 1996 and included a wide range of size classes (21 - 55 mm SL). No 
individuals smaller than 84 mm and 33 mm SL of S. walermeyeri and C. gilchrist; 
respectively, were recorded during the study period. 
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Figure 5.3 The size composition and number of Glossogobius callidus sampled on seven separate 
occasions between April 1995 and January 1997. 
5-3.3 Relative abundance, biomass and population size estimates 
Gilchristella aestuaria was the most abundant species with an overall mean density of 
2.88 m-2, followed by Atherina breviceps (1.11 m-2) , Glossogobius callidus (069 m-\ 
Psammogobills knysnaensis (0 .12 m-\ Syngnathus watermeyeri (0.02 m-2) and 
Caffrogobills gilchristi (0 .002 m'\ The mean density of the various species caught at 
each sampling station and geographical region (lower, middle and upper reaches) of 
the estuary are given in Table 5.1. Catches of P. knysnaensis were restricted to the 
lower reaches, particularly stations a and b. Atherina breviceps was also more 
abundant in the lower reaches (57%) than in the middle (22%) and upper (21%) 
reaches of the estuary. Conversely, G. aestuaria (60%) and G. callidus (49%) were 
most abundant in the upper reaches. The abundance of S. watermeyeri, on the other 
hand, was site specific and the highest abundance was recorded at station f (71 %) 
and station c (J 9%). 
Biomass and density extrapolated population size estimates for the estuarine-
spawning species in the East Kleinemonde estuary are given in Table 5.2. 
Gilchristella aestllaria was the principal species in terms of total biomass (45.5%), 
followed by Glossogobius callidus (32 .7%) and Atherina breviceps (J 8.3%), while 
Psammogobius knysnaensis, Syngnathus watermeyeri and Caffrogobius gilchristi 
collectively contributed less than 4%. In terms of population size, Gilchristella 
aestuaria was also the dominant species (55 .8%), followed by Atherina breviceps 
(26.3%) and Glossogobius callidus (14.4%). The contribution by the other three 
57 
Chapter 5 Estuarine-spawning species 
minor species was again collectively less than 4%. The total biomass and population 
size of all estuarine-spawning species in the East Kleinemonde estuary was 582 kg 
(wet mass) and 754217 individuals respectively. 
Table 5.1 Mean density (n m" ) and percentage composition of the estuarine-spawning taxa caught at 
each sampling station (a - h) and geographical region (lower, middle and upper) in the East 
Kleinemonde estuary. 
Sampling G. aestuaria A. breviceps G. callidus P. knysnaensis c. gilchristi S. watermeyeri 
station n m'2 % n m'2 % n m'2 % n m-2 % n m'2 % n m'2 % 
a 1,527 7.9 1.957 22 .8 0.160 3.6 0.63 66 .3 0 0 0 0 
b 0.398 2.1 1.395 16.3 0.178 3.6 0 .32 33.5 0 0 O.OOS 2.1 
c 1.963 10.1 1.680 21 .9 1.260 25.1 0.01 0.5 0.01 58.8 0 .045 18.8 
Lower 1.275 13.9 1.725 56.1 0.572 27.1 0.29 100 0.003 56.9 0.018 36.0 
d 3.153 16.3 0.440 5.1 0.383 7.6 0.00 0 0 0 0 0 
e 2.230 11.5 0.833 9.7 0,647 12.9 0.00 0 0 0 0.017 7.1 
f 0.780 4.0 0.930 10.8 0.520 10.4 0 .00 0 0 0 0.17 70.8 
Middle 2.419 26.4 0.679 22.3 0.516 24.' 0.00 0 0 0 0.031 62.0 
9 1.353 7.0 0.313 3.6 0.503 10,0 0.00 0 0.007 41 .2 0.003 1.3 
h 7.958 41 .0 0.B36 9.7 1.334 26.6 0.00 0 0 a a a 
Upper 5.481 59.7 0.640 21.1 1.023 48.6 0.00 a 0.003 43.1 0.001 20 
Total 2877 1.109 0.695 0.12 0.002 0.017 
Table 5.2 Biomass (grams wet mass) and population size estimates for the estuarine-spawning 
species in the East Kleinemonde estuary. 
Biomass Total Percentage Population Percentage 
Species (g m" ) biomass (g) contribution size contribution 
Gi/christel/a aestuaria 1.575 264696 45.5 420973 55.8 
Atherina breviceps 0.61 106756 18.3 198275 26.3 
G/ossogobius callidus 1.121 190400 32.7 108808 14.4 
Psammogobius knysnaensis 0.092 18332 3.1 22253 2.9 
Caffrogobius gilchristi 0.0002 37 < 0 .1 324 <0.1 
Syngnathus watermeyeri 0.D16 2042 0.4 3584 0 .5 
Total 3.414 582263 100 754217 100 
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During this study, records of an additional two marine-spawning species (So/ea bleekeri 
and Heteromycteris capensis) were kept. The reason for this was that they were too 
small to be captured in the large mesh seine net (bar mesh size of IS nun) used to target 
the other marine-spawning species (see Chapter 4). Although these species are not 
regarded as estuarine-spawning (category I , after Whitfield 1998), S. bleekeri has been 
recorded spawning in Lake St Lucia (Cyrus 1991). Adults of H. capensis, on the other 
hand, occur only at sea while the larvae and juveniles utilize estuaries as nursery areas 
(Cyrus & Martin 1991). Analysis of the data revealed that S. bleekeri had a density of 
0.003 m-2 in the middle reaches and zero in the lower and upper reaches. A density 
extrapolated population estimate of 200 individuals with a total biomass of 290 grams 
was calculated for S. bleekeri. H. capensis had a mean density of 0.007 m-2 and 0.0013 
m-
2 in the lower and middle reaches, with none recorded from the upper reaches. A 
density extrapolated population estimate was calculated at 607 individuals with a total 
biomass of 285 8 grams. 
5A DISCUSSION 
5A_l Species and size composition 
A total of six estuarine-spawning species were recorded in the East Kleinemonde 
estuary, which accounted for only 20% of the overall species composition (Chapter 4). 
The diversity of estuarine-spawning species in the East Kleinemonde estuary was similar 
to that found in two neighbouring permanently open estuaries, each less than IS km 
away. Whitfield et al. (1994) using similar sampling techniques recorded six estuarine-
spawning species (Atherina breviceps, Gilchristella aestuaria, Glossogobills callidus, 
Psammogobills knysnaensis, Hyporhamphus capensis and Syngnathus aClIs) in the 
Kowie estuary and four (Atherina breviceps, Gilchristella aestuaria, Glossogobius 
callidus and Psammogobius knysnaensis) in the Great Fish estuary. 
The estuarine-spawning species captured during this study included both juveniles and 
adults for most species. The absence of the very small size classes « 10 nun SL) for all 
species can be attributed to gear selectivity. On several occasions small individuals of 
several species were observed escaping through the net which had a bar mesh size of 5 
nun. Analysis of length frequency distributions for the principal species (Atherina 
breviceps, Gilchristella aestuaria, Glossogobius callidus and Psammogobills 
knysnaensis) revealed the presence of only the larger size classes in the samples taken 
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between April and August 1995 . The absence of smaller size classes (20 - 35 mm SL) 
for these species suggests that spawning and recruitment did not take place during the 
first half of 1995. Although estuarine-spawning species have peak periods of breeding 
activity, they are often capable of spawning throughout the year (Blaber 1979; Whitfield 
1980a; Talbot 1982; Bennett 1989a; Ratte 1989; Harrison & Whitfield 1995). The lack 
of reproductive activity during late summer and autumn of 1995 can be attributed to the 
physical conditions in the estuary. The water level in the system was very low during the 
early part of 1995 following a 13 day open mouth phase from 27 December 1994 to 8 
January 1995 (see Figure 2.7). Unstable physical conditions predominated until May 
1995 due to the semi-open mouth conditions and frequent over topping of the bar. A 
large sand bar developed at the mouth during May and the estuary level rose slowly 
following a series of small overwash events in June and July. After closure at the end of 
July, the physical conditions of the estuary stabilized and the water level remained fairly 
high until the next mouth opening at the end of November 1996. These stable conditions 
allowed for an extended reproductive season for the estuarine-spawning species. As a 
result, the samples collected in December 1995, June 1996 and January 1997 included 
specimens of the smaller size classes. 
The smaller size classes present in the January 1997 sample were probably recruited prior 
to the mouth opening event in November 1996. Whitfield (1980a) also found that 
Gilchristella aestuaria and Glossogobius callidus bred during the stable closed phase in 
the Mhlanga estuary. Therefore, unlike the marine-spawning species, which benefit 
from mouth opening events (Bennett et al. 1985), estuarine-spawning species appear to 
exhibit reproductive dormancy during these events. Bennett & Branch (1990) indicated 
that mouth opening events in the Bot estuary result in reductions in weedbed areas and 
the biomass of invertebrate populations. Therefore, periods of mouth closure and 
physically stable conditions in temporarily open/closed estuaries are more beneficial for 
estuarine-spawning species as they allow for increased invertebrate (food) productivity, a 
prolonged breeding season and maximum habitat availability for larval and juvenile 
forms . 
5.4.2 Density, biomass and population size 
The utilization and abundance of fishes in southern African estuarine systems are 
determined by both biotic and abiotic variables (for a review see Whitfield 1996b). This 
study has shown that certain species (e.g. Psammogobius knysnaensis) have an affinity 
for the sandy areas in the lower reaches of the East K1einemonde estuary. Similarly, 
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Syngnathlls watermeyeri are strongly associated with the aquatic macrophyte RlIppia 
cirrhosa. These associations with different habitats suggest that effective sampling is 
important when attempting to estimate relative abundance of the smaller estuarine 
specIes. 
The efficiency of seine net sampling, in terms of species, size composition and estimation 
of absolute abundance has been the attention of much research (Jacobsen & Kushlan 
1987; Allen et al. 1992; Rozas & Minello 1997). In a review of sampling gear efficiency 
(Rozas & Minello op cit.) state that seine nets exhibit low and variable catch efficiencies 
and are ineffective over soft substrates and vegetated areas. As a result, unbiased 
estimates of population densities can only be made if calibration for gear selectively is 
made or if all the fish are removed from the study site. Such an exercise is often difficult 
or impossible to perform in large estuarine environments. Furthermore, it is likely that 
sampling effectiveness as a result of net avoidance is species specific. 
In the East Kleinemonde estuary many of the estuarine-spawning specIes (e.g. 
Glossogobius callidlls, Psammogobills knysnaensis and Syngnathus watermeyeri) have a 
low escape response because of poor mobility. However, possible escape by these 
species can be attributed to their demersal habits or seeking cover in submerged 
macrophytes. This was partially overcome by ensuring that the lead line of the seine net 
dragged on the bottom at all times during net recovery and all collected vegetation was 
carefully examined. The escape response of Gilchristella aestuaria and Atherina 
breviceps was likely to be low because these species typically form midwater shoals 
which are easily encircled. None of the estuarine-spawning species were observed trying 
to swim under or around the net. Therefore, the density extrapolated seine net catches 
probably provide a fairly reliable, but conservative estimate, of abundance in the area 
swept by the net . 
Quantitative information on southern African estuarine fishes is limited to a few studies. 
A summary of density (n m-2) andlor biomass (g m-2) estimates of estuarine-spawning 
species from various estuarine habitats is given in Table 5.3. The principal species in all 
studies were the zooplanktivorous A. breviceps and G. aestuaria, which collectively 
accounted for 64 - 92% of the biomass of estuarine-spawning species. The abundance of 
these species highlights their adaptability to fluctuating estuarine conditions (Ter 
Morhuizen & Whitfield 1994). In this context, BefUlett & Branch (1990) suggested that 
the abundance of A. breviceps in the Bot estuary was a result of their broad dietary 
habits . 
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A comparison of each estuarine system revealed considerable differences in the density 
and biomass of most species (Table 5.3). The large differences in the overall density of 
estuarine-spawning species in the Kariega (7.225 m") when compared to other estuaries 
are probably due to different sampling efficiencies. In the Kariega estuary, Ter 
Morshuizen & Whitfield (1994) used a small highly effective net (0.5 mm bar mesh), 
which sampled even the larvae of species such as G. aestuaria and A. breviceps. These 
findings suggest that standardized sampling techniques are imperative prior to making 
quantitative comparisons between estuarine systems. 
Table 5.3 A summary of density (n m"; values in open blocks) andlor biomass (g m"; values in shaded 
blocks) estimates of estuarine-spawning species from various estuarine systems in southern 
Africa. G.a ~ Gilchristella aestuaria, A.b ~ Atherina breviceps, G.c ~ Glossogobius 
callidus, P.k ~ Psammogobius knysnaensis, C.g ~ Caffrogobius gilchrisli and Sw ~ 
Syngnathus watermeyeri. Where necessary (*) dry mass values were converted to wet mass 
assuming that water comprises 71% fish wet mass (Marais 1990). Literature sources: 1 ~ 
this study, 2 ~ after Bennett & Branch (1990), 3 ~ Ratte (1989), 4 = Whitfield (1993), 5 ~ 
Ter Morhuizen & Whifield (1994), 6 = after Whitfield & Harrison (1996). 
Estuary and Species 
literature source G.a Ab G.C Pk C.g S.W Others Total 
East Kleinemonde 2.42 1.07 0.63 0 .12 0.002 0.Q3 4.27 
1 158 0.61 1 12 0.00 0.0002 O.ot6 3.41 
Bot 0.36 1.72 0 .06 0.003 0.43 2.54 
2 • 007 • 096 '003 '0007 '006 • 1 13 
Groenvlei 1.0 4.1 
3 027 196 
Swartvlei 1.4 1.7 
3 044 062 
Swartvlei 4 099 0.38 002 0006 041 006 184 
Kariega 5 0.8 4.19 1.53 0 .04 0.08 0.59 7.23 
Sundays 6 184 
Bennett (1989a) investigated the fish communities in three Western Cape estuaries with 
different periods of mouth closure and found that the abundance of estuarine-spawning 
species was greatest in the estuary with the longest period of closure. These findings 
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suggest that the abundance of estuarine-spawning species is greater in temporarily 
open/closed estuaries than in permanently open estuaries. Possible reasons for this can 
be attributed to the following: (l) during the closed mouth phase, the populations of 
estuarine-spawning species are capable of increasing due to continuous reproductive 
activity but the populations of marine-spawning species cannot increase because 
recruitment is curtailed, (2) temporarily open/closed estuaries are known to have lower 
species diversity (Bennett 1989a; Whitfield & Kok 1992) which implies less competition 
by marine taxa for available food resources. Furthermore, Bennett & Branch (J 990) 
suggested that as far as estuarine-spawning species are concerned, temporarily 
open/closed estuaries are physically more stable than permanently open estuaries because 
the former type generally have smaller catchment areas thus making them less prone to 
flooding or more regular changes in salinity, temperature and turbidity regimes. 
Several southern African studies have estimated the relative abundance of estuarine-
spawning fishes (Table 5.3) but none have provided estimates of actual population size. 
This study provides the first estimates of population size for various resident estuarine 
dependent fish species in the East Kleinemonde estuary. The density extrapolated 
population size estimates are considered to be conservative because of the exclusion of 
the very small (larval and early juvenile) sizes of all species. Therefore, the total 
population size of 754217 individuals represents only that portion of the population 
which was effectively sampled with the 5 mm bar mesh seine net . 
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CHAPTER 6 
POPULATION DYNAMICS OF THE MARINE-SPAWNING SPECIES 
6.1 INTRODUCTION 
One of the most important requirements for any ecological study is to have knowledge of 
population size of the various organisms in an ecosystem. This information is vital to 
obtain a thorough understanding of ecological processes, such as energy transfers 
between various organisms at different trophic levels, within an ecosystem. Furthermore, 
reliable population size estimates of exploited organisms (e.g. fish) provide biologists 
with information to effectively manage their populations. In South Africa, this 
quantitative approach to ichthyofaunal studies has not received much attention in the 
inshore marine and estuarine environments. The abundance of fish occurring in estuaries 
has been inferred from catches using a variety of techniques including seine nets, gill 
nets, lift nets, anglers catches and/or a combination of different methods (inter alia 
Marais & Baird 1980; Bennett & Branch 1990; Whitfield 1993; Whitfield et aI. 1994). 
Quantitative estimates of population size in an entire estuary has been done for only one 
species. Blaber (1973a) investigated the population dynamics of Rhabdosarglls holllbi in 
the West Kleinemonde estuary over a two year period. 
Population size estimation is not easy, particularly when dealing with aquatic animals 
which can't be seen and require specialized sampling techniques to capture them. Mark-
recapture data to estimate fish population sizes was first used just over a century ago 
(Peterson 1896). This procedure has been widely adopted and is commonly known as 
the Peterson method or single census method. Population size estimation procedures 
have evolved considerably since the tum of century and today a wide variety of models 
are available. Consequently the choosing of an appropriate model to best describe the 
data becomes most important. Lebreton et at. (1992) recommended the use of several 
similar, but different models which are nearly equally applicable to the data. However, it 
must be remembered that the estimates obtained from a modele s) are not reality, but 
rather an appropriate representation of the data obtained to achieve a set objective. 
Therefore, the best model for population estimation is the simplest one which does not 
contain assumptions that are not met (Otis et al. 1978). 
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This study provides population size estimates, using mark-recapture techniques, for the 
marine-spawning fish species of the East Kleinemonde estuary for three distinct time 
periods. Estimates were made using a variety of methods, including three calculated 
models, a derived method using recapture data from the most abundant species, and a 
density extrapolation method which was based on catches per unit area. 
6.2 MATERIALS AND METHODS 
6.2.1 Sampling procedure 
The general sampling procedure is the same as that described in Chapter 4 and was 
designed to satisfy a typical multiple census (Schnabel type) mark-recapture experiment 
as described by Ricker (! 975). Fish were sampled using a 50 m seine net deployed 
randomly at 21 selected sites throughout the estuary (see Figure 4.1). A total of three 
mark-recapture experiments were conducted during the closed mouth phase of the 
estuary between 1993 and 1996. The estuary mouth conditions preceding and following 
each mark-recapture experiment are given in Figure 2.7 (Chapter 2). The first 
experiment (MR.l) was conducted between 19 April 1993 and 15 September 1993 and 
included 16 sampling days . The second mark-recapture experiment (MR2) was 
conducted between 4 October 1994 and 15 December 1994 which included 26 sampling 
days and the third mark-recapture experiment (MR3) was conducted between 17 
October 1995 and 16 February 1996, with 50 sampling days . 
All the fish caught during these experiments were identified, measured and marked by 
means of clipping a single pelvic fin . This method of marking was chosen because the 
process is easy and rapidly performed, thereby minimizing handling induced stress and 
associated mortality (Nielson 1992). To ensure maximum survival, only fish above a 
certain minimum size were fin clipped. A minimize size of 100 mm standard length (SL) 
was selected for Mugilidae and 50 mm SL for all other species these sizes represent the 
maximum length of fish that could not escape through, or be injured (gill netted) by the 
15 mm mesh of the seine net. Consequently, the final population estimates are 
conservative and do not include the contribution of the smaller size classes for each 
speCIes. 
65 
Chapter 6 Marine-spawning species 
6.2.2 Population size estimates 
An estimate of population size for all the marine-spawning species during each mark-
recapture period was made using a variety of methods. These included three calculated 
methods, a derived method and a density extrapolated method. 
Calculated methods 
a) Schnabel's method 
N= 
Where i = i'th sample, 
ni = total number of fish in the i'th sample, 
ri = total number of recaptures in the i'th sample, 
Mi = total number of marked fish in the estuary just before the i'th sample, and 
N = the population size during the experiment. 
b) Schumacher & Eschmeyer's method 
N= 
The above methods (Schnabel and Schumacher & Eschmeyer) are described in detail by 
Ricker (1975) and Seber (1973). The basic assumptions required for mark-recapture 
studies using these methods include the following: 
i) marked and unmarked fish become randomly mixed and are equally vulnerable to 
sampling, 
ii) recruitment and mortality to the population is negligible during the mark-recapture 
experiment, and 
iii) the marked fish do not lose their marks and that all marked fish are recognized in the 
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recapture sample. 
c) Sum-or-squares procedure 
This method estimates the population size (No) at time 0 and total mortality (Z) using 
the following formulas and assumptions : 
N N -ZI I = (1-1). e 
where t = a time period of I day 
• Assuming that marked and unmarked fish die at the same rate: 
where: M t = number of marked fish at time t 
IMt = total number of marked fish alive in the estuary at time t 
• Assuming the marked fish mix freely in the population : 
where : R't = predicted number ofrecaptures at time t 
C t = number offish caught at time t 
Nt = population size at time t 
(note - if all fish caught were marked, then Ct = Mt) 
• Compute the sum-of-squares (SS) using: 
where R. = the observed number of recaptures at time t 
From the data, therefore, c., M t , R. and t are known. Values for Z and No were then 
computed by non-linear minimization of the sum-of-squares using Microsoft Excel's 
solver®. 
67 
Chapter 6 Marine-spawning species 
Derived method 
This method was used to obtain a population size estimate for species from which no 
recaptures or very few recaptures were obtained during the respective mark-recapture 
periods. The percentage catch representation of such a species was compared with a 
'control species ' from which calculated population size estimates were obtained. For 
example, if 50 individuals of a species with no recaptures was caught, and 100 
individuals of the 'control species', with a calculated population size of 1000, was caught 
during the mark-recapture period, then the derived population size estimate for the 
species with no recaptures equals 500 [i.e. (50/100)1000 = 500]. 
Rhabdosargl/S hall/bi was chosen as the 'control species' for the following reasons: 
• it was the most abundant marine spawning species in the East Kleinemonde estuary, 
• it was the only species with recaptures, from which calculated estimates could be 
made, during all three mark-recapture experiments. 
The basic assumptions required for the derived estimate method were : 
i) all species have equal probability of capture, and 
ii) the species under investigation has the same distribution as the 'control species' . 
Density extrapolated method 
The estuary was divided into three regions (lower, middle and upper reaches; see Figure 
4.1). The total seine net catch from each of the three regions was divided by the total 
area sampled. These values were then multiplied by the corresponding area of each 
region of the estuary and summed to give a density extrapolated population estimate for 
the entire estuary. 
This method assumes that all species are equally distributed within each region of the 
estuary and that the area swept by the net is a true reflection of this distribution. 
6.3 RESULTS 
A total of 2539 fishes were fin clipped during the first mark-recapture experiment (MR 
I) of which 39 were recaptured. During the second (MR 2) and third (MR 3) mark-
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recapture experiments, 5834 and 15567 fishes were marked, and 921 and 877 fish were 
recaptured, respectively. Unfortunately, recaptures were obtained for only a few species 
during each mark-recapture experiment. Therefore, population estimates using the 
calculation methods could only be made for those species from which marked fish were 
recaptured. However, the derived method was used to obtain a population size estimate 
for species from which no recaptures or very few recaptures were obtained during each 
mark-recapture period. 
6.3.1 Calculated and derived population size estimates 
The species from which recaptured fish were obtained during each of the mark-recapture 
experiments are given in Table 6.1. 
Table 6.1 The number of individuals marked, recaptured and the percent recapture rate for those 
species from which recaptures were obtained during the three mark-recapture experiments 
(MR I , MR 2 and MR 3). 
Species Number Number Recapture 
marked recaptured rate (%) 
Rhabdosargus hofubi 1396 32 2.3 
MRI Uza richardsonii 275 3 1.1 
Myxus capensis 630 4 0.6 
Rhabdosargus ho/ubi 4895 878 17.9 
MR2 Monodacty/us falciformis 493 39 7.9 
Liza dumerilii 96 4 4.2 
Rhabdosargus ho/ubi 12914 758 5.9 
Ulhognathus lithognathus 406 23 5.7 
MR3 Sarpa sa/pa 220 9 4.1 
Uza dumerilii 821 37 4.5 
Uza richardsonii 424 21 5.0 
Myxus capensis 410 22 5.4 
Monodactylus falciformis 271 7 2.6 
Rhabdosargus holubi 
Rhabdosargus holubi was the principal speCIes during all three mark-recapture 
experiments. It was recorded in 50%, 96% and 94% of the total number of seines during 
MR I, MR 2 and MR 3 respectively. Population size estimates for this species using the 
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three calculated methods are given in Figure 6. 1. The estimates during MR 1 ranged 
from 26708 to 39491 with a mean of 34595. The estimates obtained during MR 2 
ranged from 12833 to 14367 with a mean of 13882 and for MR 3 from 105149 to 
111673 with a mean of 108150. The variance, indicated by the 95% confidence limits, 
of the population estimates obtained from the three calculated methods were lower 
during MR 2 and MR 3 due to better sampling efficiency as reflected by the higher 
recapture percentages obtained during these mark-recapture experiments. 
o Schnabel 0 Schumacher & Eschmeyer • Sum-of-squares procedure 
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Figure 6.1 The calculated population size estimates for Rhabdasargus hall/bi during the three mark-
recapture experiments (MR 1, MR 2 and MR 3). Error bars represent 95% confidence 
limits. 
An estimate of population size using the derived method was not calculated for 
Rhabdosargus holubi because this species was used as the 'control species' for all others 
recorded during the three mark-recapture periods. 
Lithognathus lithognathus 
Lithognathus lithognathus was marked in all three mark-recapture experiments but none 
were recaptured during MR 1 and MR 2. Therefore, population estimates for these 
mark-recapture periods were made by means of the derived estimate method. However, 
during MR 3 estimates were also obtained using the calculated methods. The population 
estimates obtained from the various methods during the three mark-recapture periods are 
given in Figure 6.2. The similar population estimates obtained from the derived (3384) 
and calculated (3260, 3355 and 3953) methods during MR 3 suggest that the derived 
estimates of 707 obtained during MR 1 and 322 during MR 2 are realistic indicators of 
the population size for this species during these periods. 
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Figure 6.2 Population size estimates for Lilhognalhus lilhognalhus during the three mark-recapture 
periods (MR 1, MR 2 and MR 3). Error bar represents the minimum and maximum 
calculated value. 
Sarpa sa/pa 
No catches of Sarpa salpa were made during MR I and MR 2, but during MR 3 a total 
of 220 individuals were caught and marked, of which 9 (4.1%) were recaptured (Table 
61). The calculated population size estimates ranged from 440 to 517 with mean of 
483, while the derived estimate method yielded an estimate of 1842. The large variation 
obtained from the different methods can be attributed to the fact the Sarpa salpa had a 
limited distribution within the estuary. Catches of this species were restricted to the 
lower reaches and recorded from only two sampling sites near the mouth. Therefore, the 
estimate obtained from the derived method is probably not a true indication of the 
population size because it was related to the catches of Rhabdosargus holubi which were 
recorded throughout the estuary. 
Diplodus sargus capensis 
The catches of Diplodus sargus capensis constituted a small portion of the overall catch 
during the three mark -recapture periods. Only three, two and four individuals were 
recorded during MR I, MR 2 and MR 3 respectively. Population size estimates, using 
the derived estimate method, were calculated at 74, 6 and 33 during the three mark-
recapture experiments respectively. Similar to Sarpa salpa, the catches of Diplodus 
sargus capensis were restricted to the lower reaches of the estuary, suggesting that these 
derived values are unrealistic. 
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Liza dumerilii 
No marked Liza dumerilii were recaptured during MR I, but during MR 2 and MR 3 
recapture rates of 4.2% and 4.5% respectively, were obtained. The population size 
estimates using the derived method (MR I, MR 2 and MR 3) and the calculated methods 
(MR 2 and MR 3) are given in Figure 6.3. The population estimates obtained from the 
two different methods during MR 2 and MR 3 indicate that the derived value represents 
a conservative estimate ofthe population size. 
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Figure 6.3 Population size estimates for Liza durnerilii during the three mark-recapture periods (MR 
I , MR 2 and MR 3). Error bars represent the minimum and maximum calculated values. 
Liza richardsonii 
Population size estimates for Liza richardsonii were made using the derived method for 
all three mark-recapture periods and the calculated method for MR I and MR 3 only 
(Figure 6.4). The large variation obtained from the three calculated estimates (8137 to 
13359) during MR I are probably a result of the low recapture rate (1.1%) suggesting 
that this estimate is inaccurate. The calculated estimate obtained during MR 3, with a 
recapture rate of 5%, compared favourably with the derived estimate. Therefore, the 
derived estimates for this species probably provide a realistic estimate of the actual 
population size. 
Liza tricuspidens 
Catches of Liza tricuspidens were low and restricted to MR I and MR 3. No recaptures 
were recorded and population size estimates of 332 during MR I and 117 during MR 3 
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were obtained using the derived method. 
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Figure 6.4 Population size estimates for Liza richardsonii during the three mark-recapture periods 
(MR I, MR 2 and MR 3). Error bars represent the minimum and maximum calculated 
values. 
MugU cephalus 
Mugil cephalus was recorded during all three mark -recapture periods in low numbers. 
Population size estimates, using the derived method, were 149 during MR 1, 17 during 
MR 2 and 544 during MR 3. It is believed that these values represent conservative 
estimates because this species was often observed jumping out of the net. Therefore, the 
recorded catches, on which these estimates are based, were not a true reflection of the 
abundance of this species. 
Myxus capensis 
No Myxus capensis were recaptured during MR 2, but MR 1 and MR 3 yielded 
recapture rates of 0.6% and 5.4% respectively. The estimates obtained from the 
calculated methods during MR 3 revealed little variation (3124 to 3827) and were similar 
to the estimate obtained from the derived method (Figure 6.5). However, the variation 
(18982 to 46996) was much greater during MR 1. The reasons for this can be ascribed 
to the low recapture rate (0.6%) and possible immigration due to marine topping of the 
bar during the experiment. The latter is supported by the change in catch rate which 
increased from 1.2 fish per seine (April, May and June) to 21.3 fish per seine (July, 
August and September) during the course of the experiment. Based on these results, the 
derived values probably represent a better reflection of the actual population size for 
73 
Chapter 6 Marine-spawning species 
MyxlIS capensis during MR I . 
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Figure 6.S Population size estimates for Myxus capensis during the three mark-recapture e"-periments 
(MR I . MR 2 and MR 3). Error bars represent the minimum and maximum calculated 
values. 
Monodactylus falciformis 
Monodactylus falciformis was recorded during all three mark-recapture periods but 
marked fish were only recaptured in MR 2 and MR 3. The population size estimates 
obtained for this species during the three mark-recapture experiments are given in Figure 
6.6. The low variation between the three calculated estimates during both MR 2 (2758 
to 3115) and MR 3 (4814 to 5101) suggests that these estimates are goo.rl indicators of 
population size. The estimates obtained from the derived method were a proportionately 
similar amount less than the average calculated values during MR 2 and MR 3. The 
difference between the two methods equated to a factor of 2.12 during MR 2 and 2.19 
during MR 3. Therefore, to obtain a more realistic estimate of the population size during 
MRI , the mean of the above factors was multiplied by the derived estimate. The 
adjusted population size estimate for MR I was calculated at 481 . 
Lichia amia 
Lichia amia was recorded in low numbers during all three mark-recapture periods. 
Population size estimates, using the derived method, were 942, 77 and 25 during MR I, 
MR 2 and MR 3 respectively. 
74 
Chapter 6 Marine-spawning species 
6000r-~========================~------~ 
5000 o Derived estimate o Average calculated estimate 
~ 
'iii 4000 
c 
.,8 3000 
'" '5 
Co 2000 
o 
Q. 1000 
o .Lc:=~--:-__ 
MR1 MR2 MR3 
Figure 6.6 Population size estimates for Monodactyills falciformis during the three mark-recapture 
experiments (MR 1. MR 2 and MR 3) . Error bars represent the minimum and maximum 
calculated values. 
Pomadasys commersonnii 
Pomadasys commersonnii was also recorded in low numbers during the three mark-
recapture experiments. The derived population size estimates were calculated at 25, 54 
and 126 during MR 1, MR 2 and MR 3 respectively. 
6.3.2 Density extrapolated popnlation size estimates 
The estimates obtained from density extrapolation and the most reliable estimates 
obtained from either the calculated or derived method for each species (as given in the 
paragraphs above) are shown in Table 6.2. The results obtained from density 
extrapolation were inconsistent for the three mark-recapture periods and for certain 
species were as much as 10 times lower than those obtained from either the calculated or 
derived estimates during MR 1 and MR 3. The total population size of all marine-
spawning species, using the density extrapolated method, was calculated at 15599 and 
11830 during MR 1 and MR 3 respectively. These values represented approximately 
25% and 9% of the total estimate obtained from the more reliable estimates (calculated 
or derived) for the same periods. Conversely, during MR 2 the density extrapolated 
estimate (21069) was similar but slightly higher than the more reliable estimate of 18592. 
Based on these findings , the density extrapolated method is believed to be an inaccurate 
estimator of population size which is highly reliant on the assumptions that fish are 
uniformly distributed in the estuary and that all fish within the sampled area are captured. 
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Table 6.2 Population size estimates obtained from density extrapolation and the calculated or derived 
method for the marine-spawning species in the East K1einemonde estuary during the three 
mark-recapture periods (MR I. MR 2 and MR 3), where' = average calculated estimate and 
** = derived estimate. 
MR1 MR2 MR3 
Density Most Density Most Density Most 
extrapol . reliable extrapol. reliable extrapol. reliable 
Species estimate estimate estimate estimate estimate estimate 
Rhabdosargus holub; 8630 34959" 18179 13882" 9758 1 D819J" 
Uthognathus Ifthognathus 214 707" ore 322** 320 3523' 
Sarpa sa/pa a a 0 a 176 483' 
DipJodus sargus capensis 18 74" 4 6" 3 33" 
Uza dumerilii BB3 3246" 365 773' 629 9718' 
Uza richardsonii 1880 6815" 200 179" 330 4127" 
Uza Mcuspidens 77 332" a a 11 117" 
Mugi/ cephaJus 35 149·· 24 17** 49 544" 
Myxus capensis 3574 15612" 308 315" 329 3400' 
Monodacty/us falcifonnis 57 481" 1290 '2967" 212 4986" 
Uchia arnia 225 942" 107 77"' 2 25" 
Pomadasys commersonnii 6 25~· 75 54" 11 126'" 
Total 15599 63342 21069 18592 11830 135192 
6.3.3 Temporal changes in population structure and size 
The marine-spawning fishes of the East Kleinemonde estuary are dominated by 
Rhabdosargus holllbi, which constituted approximately 55%, 75% and 80% of the total 
population during MR 1, MR 2 and MR 3 respectively. Other dominant species included 
Myxus capensis which represented almost 25% of the population during MR 1, Liza 
richardsonii (11% during MR 1), Monodactyllls falciformis (16% during MR 2 and 
almost 4% during MR 3) and Liza dllmerilii (5% during MR 1,4% during MR 2 and 7% 
during MR 3) 
Based on the most reliable population estimates (given in Table 6.2), the total population 
size of the marine-spawning species revealed considerable fluctuations over a period of 
three years. The total population size declined by two thirds between MR 1 and MR 2 
but then increased more than seven fold from MR 2 to MR 3. The species groups which 
revealed the greatest change were the sparids (mostly Rhabdosargus holllbi) and the 
mugilids (Figure 6.7). The sparid population dropped from 35740 to 14210 between 
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MR I and MR 2 but increased to 112189 during MR 3. Similarly, the mugilid 
population declined from 26154 (MR I) to 1284 (MR 2) and increased again in MR 3 to 
17966. The combined contribution by the other species (Lichia amia, Monodactylus 
falciformis, and Pomadasys commersonnii) revealed the least variation, ranging from 
1448 during MRI to 3098 and 5137 during MR 2 and MR 3 respectively. 
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Figure 6.7 The population size for Sparids, Mugilids and other species (Lichia amia, Monodactylus 
falciformi s and Pomadasys commersonnii) during the three mark-recapture periods (MR 
I, MR2andMR3). 
These results highlight the dynamic nature of the marine-spawning fish populations in the 
East K1einemonde estuary. This dynamic condition is attributed to the fact that 
recruitment is highly variable and restricted to periods of mouth opening and overwash 
(bar topping) events. However, the drastic population decline between MR I and MR 2 
is probably the result of bird predation. During the winter of 1994 the East K1einemonde 
estuary and many other estuaries along the south-eastern Cape coastline were subject to 
a major invasion of Cape cormorants Phalacrocorax capensis (see Chapter 7). 
6.4 DISCUSSION 
Population size estimates of marine-spawning fish species In the East K1einemonde 
estuary during the closed mouth phase were obtained using a variety of methods for 
three distinct periods. For several species a wide range of estimates were obtained for 
particular periods. The main reason for this can be attributed to the different methods 
used to obtain the population size estimates, which are discussed in the following 
paragraphs. 
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6.4.1 Calculated population estimates 
The dissimilar estimates of population sIze obtained for several species during the 
respective mark-recapture experiments highlights some of the problems faced by 
ecologists when attempting to calculate population size. The commonly posed questions 
when conducting such an exercise include: how big a sample is needed or how much 
effort is needed to achieve statistically valid results? Burnham et aI. (1987) set out a 
protocol of effort and sample size considerations in an attempt to answer the above 
questions. However, working in the natural environment does not always allow for a 
rigid sampling strategy because the constraints which affect the protocol are often 
dynamic and unavoidable. For example, in the present study, sampling during MR I and 
MR 2 had to be terminated prematurely because the estuary breached its mouth thereby 
breaking the underlying assumption that the population under investigation was closed. 
Furthermore, a wealth of literature exists on different mathematical techniques or models 
to estimate population size (for reviews see: Ricker 1975; Otis et aI. 1978; Blower et aI. 
1981; White et aI. 1982; Burnham et al. 1987; Seber 1992), which present additional 
problems when attempting to select the correct model(s). The dilemma is compounded 
by the fact that mark-recapture models have recently evolved to rather estimate survival 
rates and not population sizes (Lebreton et aI. 1992). In an attempt to assess the correct 
choice of model and it's applicability, the basic aims of this study influenced model 
selection. The primary objective was to obtain an estimate of the population size for 
various marine-spawning fish species in the East Kleinemonde estuary. An important 
consideration here was that the population under investigation was closed. Therefore, 
simplified mark-recapture methods, in which model assumptions could be met 
satisfactorily, were used. The basic assumptions required for the calculated estimates 
(particularly the Schnabel and Schumacher & Eschmeyer methods) and an explanation on 
how and what methods were used to meet them, are outlined below: 
a) The population is subject to no recruitment. Recruitment into the East Kleinemonde 
estuary was considered to be negligible on the following grounds. The mark-recapture 
experiments were conducted during the closed mouth phase of the estuary and the fish 
under investigation during these experiments were all marine-spawning species which are 
unable to reproduce in the estuary. However, it must be noted that recruitment was 
possible during overwash events or from the freshwater reaches of the East Kleinemonde 
river. The latter was probably responsible for the increased catches for the catadromous 
MyxlIs capensis during MR 1. Topping of the bar occurred on six, two and one day(s) 
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during MR 1, MR 2 and MR 3 respectively. Several species, particularly Rhabdosargl/s 
holl/bi, are able to recruit as post-flexion larvae during these ovelWash events. The 
possible contribution to the population from these events is likely to be minimal because 
the recruited fish were still too small to be considered for fin clipping and hence were not 
part of the mark-recapture experiments. The population was however subject to some 
recruitment as a consequence of growth (i.e. individuals entering the fin clipping size 
range during the mark-recapture period). Once again the contribution by these 
individuals was considered to be minimal because of the low variability between the 
estimates obtained by the three calculated methods (where the sum-of-squares procedure 
provides a population estimate at time 0, and the Schnabel and Schumacher & 
Eschmeyer's methods provide an estimate at the end of the experimental period). 
b) No emigration or mortality occurs in the population. This assumption applies only 
to the Schnabel and Schumacher & Eschmeyer calculations because the sum-of-squares 
procedure allows for mortality. The estuary was closed during the mark-recapture 
experiments making anadromous migrations impossible. However, as explained above it 
was possible for fish to leave the estuary during topping of the bar events. It is proposed 
that emigration during ovelWash events was insignificant during MR 2 and MR 3 
because these events (all minor) occurred within the first week of commencing the 
experiments and any losses to the population at such an early stage would have been 
compensated for by the calculations. However, losses to the population, although 
unquantifiable, during MR 1 could have been more severe. The low recapture 
percentages and greater variation between the three calculated estimates for each. species 
recorded during MR 1 reinforces the possibility of such losses. Other forms of losses, 
such as from recreational angling, were considered to be negligible because most of the 
fish captured during the mark-recapture experiments are not sought after recreational 
Iinefish species and only a few exceeded the gazetted minimum size limit. Natural 
mortality during the mark-recapture experiments, which were conducted over relatively 
short periods of time were likely to be insufficient to necessitate adjustments to the final 
calculations. 
c) Marked fish do not loose their marks and are all recognizable in the recaptllre 
sampling. Fish were marked by means of clipping off a single pelvic fin at it's base. 
Unlike external tags, the mark was permanent which negated the fears of mark loss. 
Although the regeneration of fins was fairly rapid, marked fish were easily identified by 
their wave-like deformed pelvic fins. The sampling procedure (multiple census mark-
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recapture) was designed so that each fish captured and/or recaptured throughout the 
mark-recapture experiments was individually checked for a mark. Therefore violations 
of these assumptions were probably insignificant 
d) Marked and unmarked fish suffer the same mortality. Although speculative, it is 
probable that the sampling and fin clipping procedure was performed cautiously enough 
not to subject marked fish to differential mortality compared to unmarked fish . Nielson 
(1992) states that mortality of fin-clipped fish is highly variable depending on the size, 
the species and which fin is clipped. The most important species in this study 
(Rhabdosargus holubi), was the subject of a detailed study by Blaber (1973b) who 
stated that the use of Floy tags and fin clipping apparently had no significant differential 
effect on mortality. Furthermore, several investigations have provided little evidence that 
predation is an important source of excess mortality among fin-clipped fish (Coble 1967). 
In addition, throughout the study period no captured fish revealed signs of infection or ill 
health as a result of the fin clipping process. 
e) Marked and unmarkedfish are equally vulnerable to sampling. Ricker (1975) stated 
that the sources of error which cause marked or unmarked fish to be either more or less 
vulnerable to sampling are a result of (i) the fish under investigation were not part of the 
original population being estimated, (ii) the type of mark used and (iii) the differences in 
behaviour as a result of tagging or marking. During this study all fish marked were 
native to the environment in which they were released and unlike many external tags, fin 
clips have little effect on the catchability of marked fish (Young et af. 1988). 
Furthermore, no noticeable difference in swimming or shoaling behaviour of fin-clipped 
fish were observed during this study. 
f) Marked fish become randomly mixed with unmarked fish . In an attempt to satisfy 
randomization, sampling (and hence marking) was conducted throughout the estuary 
where it was possible to seine effectively. Furthermore, the daily sampling routine did 
not follow any strict site specific (geographical) sequence. According to Young et al. 
(1988) improved mixing of marked and unmarked fish can be achieved by delayed 
recapture effort. Therefore, if sampling was conducted on consecutive days, the same 
sites and nearby sites were avoided on the second day. In addition, a 24-h sampling 
session was conducted at three different sites in the estuary to investigate whether 
marked fish mixed freely within the population. The catch composition and presence of 
marked fish was compared between samples taken every four hours at each of the three 
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locations. The findings indicated that the marked fish mixed freely with unmarked fish 
and moved away from the release site soon after being released. 
In summary, therefore, it is felt that the assumptions for the calculated estimates were 
adequately met and the results are a true reflection of the population size, particularly 
during MR 2 and MR 3. The variability, as indicated by the range of the three estimates 
obtained from the calculated methods, was directly related to the recapture rate. 
Recapture rates of less than four percent tended to result in undesirable variability. 
Therefore, calculated estimates for species which yielded recapture rates of less than 
four percent were placed subordinate to the value obtained from the derived method in 
terms of a more reliable population size estimate (Table 6.2). 
6.4.2 Derived population estimates 
Population size estimates obtained using the derived method were considered to be 
reliable estimates for several species because they agreed well with the calculated 
estimates. Therefore, for these species the assumption that their distribution was similar 
to Rhabdosargus holubi (the 'control species' ) was adequately met. However, the 
estimates for species which had a limited distribution in the estuary (e.g. Sarpa salpa) are 
believed to be artificially enhanced. In the case of Monodactylus falciformis, which also 
had a different distribution to the 'control species' , the derived estimate during MR 1 
could be adjusted using a correction factor obtained from the difference between the 
calculated and derived estimates during MR 2 and MR 3. The high variability obtained 
from the three calculated estimates for the 'control species' during MR 1 suggests that 
the derived estimates used during this period are not accurate and should be treated with 
caution. 
6.4.3 Density extrapolated popUlation estimates 
The use of density extrapolation or swept area techniques to obtain population size 
estimates rely on the assumptions that all fish are uniformly distributed and equally 
vulnerable to capture. These assumptions are seldom accurately met for marine-
spawning species because they are highly mobile and variously distributed within an 
estuary. Young et al. (1988) state that density extrapolation techniques require 
standardized quantitative sampling in randomized designs with knowledge of catch 
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efficiency. They also recommend that a mark-recapture study should be considered for 
at least a one-time calibration of the density extrapolated estimates. Despite this, the 
accuracy of the population size estimates obtained from density extrapolation during this 
study were difficult to predict. Comparisons with the other population size estimates 
revealed enormous inter-specific variability for anyone mark-recapture period and also 
intra-specifically for different analysis periods. A similar trend was observed by Blaber 
(1973a), who showed no significant difference in the catch per unit effort (mean number 
of fish caught per seine) for Rhabdosargus holubi at levels of low or high population 
size. Therefore, estimates obtained from density extrapolation are probably inaccurate 
and sometimes appear to be density independent. 
6.4.4 The overall popUlation size 
The total population of marine-spawning fishes (above a certain minimum size) in the 
East Kleinemonde estuary displayed large fluctuations over the study period, ranging 
from 18592 individuals during MR 2 to 135192 individuals during MR 3. These 
fluctuations may be related to abiotic and/or biotic conditions which are highly variable 
and unpredictable. Similar conditions probably apply to all temporarily open/closed 
estuaries which are subject to highly variable salinity and temperature regimes, 
evaporation/precipitation ratios and frequency of open mouth phases which result in 
rapid and extensive habitat variation. The seasonal variability of open mouth phases or 
even topping of the bar events allow for unpredictable immigration and emigration of 
marine-spawning fish species. The seasonal timing of these events also playa significant 
role in the occurrence and abundance of individual species. 
The numerical dominance of Rhabdosargus holubi and several mugilids in the East 
Kleinemonde estuary during all three mark-recapture periods is ascribed to the fact that 
they are serial spawners or have prolonged breeding seasons. These species are able to 
recruit for a larger part of the year and are not restricted by the short open mouth phases 
which occur sporadically throughout the year (see Chapter 2). The recruitment success 
of species such as Lichia amia, Lithognathus lilhognathus and Pomadasys 
commersonnii, on the other hand, is diminished because they exhibit distinct 
reproductive seasonality which mayor may not coincide with a mouth opening event. 
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CHAPTER 7 
PREDATION 
7.1 INTRODUCTION 
The importance of South African estuaries as nursery areas for many marine-spawning 
fish species is well known (inter alia Beckley 1984; Wallace et al. 1984; Whitfield & 
Kok 1992). The abundance of these juvenile migrant species together with other small 
resident species often account for high density and biomass values within estuaries 
(Bennett 1989a; Whitfield et al. 1994; Harrison & Whitfield 1995). As a result, 
estuarine environments provide rich feeding grounds for a number of piscivorous 
predators. For example, Whitfield (1978) found a significant correlation between fish 
and piscivorous bird densities in Lake St Lucia. Similarly, Blaber (1973b) postulated 
that the numbers of piscivorous birds at the West Kleinemonde and Kasouga estuaries 
were related to the densities of Rhabdosargus holubi. 
Estuarine-associated fishes are not only important dietary items of piscivorous birds, but 
also several of predatory fishes . The feeding ecology of piscivorous fishes has been 
documented from several South African estuarine systems (Whitfield & Blaber 1978a; 
Whitfield 1980c; Marais 1984; Whitfield 1988). According to Marais (1984) 
Argyrosomus japonicus, Lichia amia, Elops machnata and Pomatomus saltatrix are the 
most important piscivorous fishes in temperate estuaries, while subtropical estuaries 
include additional species such as Sphyraena ba"acuda, S. jello, several Caranx species 
and the elasmobranch Carcharinus teucas (Whitfield & Blaber 1978a). Similar to fish 
predators, the diversity and abundance of other piscivores is greater in subtropical 
estuaries. These include higher densities of penaeid prawns (Penaeus japolliclls and P. 
monodoll), the portunid crab Scylla serrata and the inclusion of other major piscivores 
such as the Nile crocodile Crocodylus niloticlls (Whitfield & Blaber 1979a; Cyrus & 
Forbes 1996). 
The objective of this study was to quantify fish predation by the two dominant predator 
groups (birds and piscivorous fish) as part of the overall aim of gaining a better 
understanding of the dynamics of the fishes in the temporarily openlclosed East 
Kleinemonde estuary. 
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7.2 MATERIALS AND METHODS 
7.2.1 Piscivorous birds 
The number of piscivorous birds at the East Kleinemonde estuary was assessed by means 
of visual counts conducted between March 1994 and March 1996. The number of 
counts made during each month are given in Appendix 3. The counts were made by two 
people on a motorized boat following a fixed route from the mouth to the head of the 
estuary. Counts were made between 08hOO and 10h30 and the duration of each count 
ranged between 15 and 25 minutes . No counts were conducted between January and 
March 1995 due to very low water levels as a result of an extended open mouth phase of 
the estuary. No attempts were made to flush birds roosting in trees or marginal 
vegetation but more often than not the noise of the boat caused the birds to fly off, 
notably the swimming (e.g. cormorants) and aerial diving birds (e.g. kingfishers) . The 
flight of these birds facilitated the counts because they generally occurred in low 
densities and may sometimes have been overlooked if they remained stationary. 
However, the typical underwater diving escape response displayed by the dabchick 
(Tachybaptlls nificollis) made it very difficult to count. Therefore, this species was 
excluded from the census. Although T. nificollis is known to prey on fishes (Junor 
1969), it's main dietary items include other small aquatic vertebrates and invertebrates 
(Maclean 1993). 
As a means of evaluating their dependence on the estuary as a feeding ground, the birds 
were categorized into four groups based on their percentage frequency of occurrence (% 
FO) in the counts. The groups were assigned as follows : rare visitor (0 - 24% FO), 
occasional visitor (25 - 49% FO), frequent visitor (50 - 74% FO) and resident (75 -
100% FO). 
The daily food consumption of each avian predator was calculated from the following 
expression given by Nagy (1987) : 
FR = 0.495 BM 0.704 
Where FR = feeding rate (grams dry mass per day) 
BM = body mass (grams) 
Based on the assumption that water comprises 71 % of fish wet mass (Marais 1990), dry 
mass values were multiplied by 3.448 to convert to wet mass. Mean body mass values 
for each bird species were taken from Berruti (1983) and Maclean (1993). The monthly 
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consumption by each bird species was calculated by multiplying the individual daily 
consumption estimate by the mean number of birds recorded per month, and then 
extrapolated to a full month by multiplying by the number of days in each month. 
During July 1994 large numbers of Cape cormorants, which usually occur in marine 
waters, invaded the East K1einemonde estuary. The number of bird counts during this 
unusual event was increased in an attempt to quantify the ichthyofaunal predation by 
these birds. The very high numbers of Cape cormorants recorded during this period 
overemphasized the overall predatory importance of this species. Therefore, the data 
collected for Cape cormorants was treated separately to that of the other avian 
predators. 
7.2.2 Piscivorous fishes 
The piscivorous fishes of the East K1einemonde estuary were sampled using seine net 
gear (Chapter 4) and estimates of their population sizes were obtained from the results of 
a series of mark-recapture experiments (Chapter 6). Biomass values of these fish 
populations were calculated using both the population size estimates and information 
relating to the size (weight) composition of the fishes in the population. An estimate of 
daily food consumption was made using the following equation given by Palomares & 
Pauly (1989) 
In QlB = - 0.1775 - 0.2018 In W~ + 0.6121 In T + 0.5156 In A + 1.26 F 
where QIB is the daily food consumption of a fish population as a percentage of its 
biomass, W~ the mean asymptotic (or maximum) weight (g) of the fish in the population 
in question, T is its mean habitat temperature (in °C), A is the aspect ratio of the caudal 
fin (as a measure of the average activity and/or metabolic levels of the fish) and Fits 
food type (a dummy variable which equals 0 in carnivores). The method of calculating 
the aspect ratio of the caudal fin of Lichia amia is shown in Figure 7.1. 
Figure 7.1 Diagrammatic representation of the method to calculate aspect ratio (A = b'/s) oftbe caudal 
fin of Liehia amia (b = height and s = surface area, in black). 
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7.3 RESULTS 
7.3.1 Piscivorous birds 
Species composition, abundance and biomass 
A total of 16 piscivorous bird species (excluding Cape cormorant) were recorded at the 
East Kleinemonde estuary during 62 bird counts conducted between March 1994 and 
March 1996 (Table 7.1). The species composition was numerically dominated by five 
species, namely reed cormorant (mean number per count = 9.5), pied kingfisher (3.5), 
whitebreasted cormorant (2.9), common tern (2.7) and darter (2.3). The mean number 
per count of all the other species combined was only 5.5. The dominant species 
gravimetrically were whitebreasted cormorant (mean biomass per count = 5522 g), reed 
cormorant (5 III g), darter (3303 g) and African fish eagle (928 g). The collective mean 
biomass of all other species was 2397 g per count (Table 7.1). 
Table 7.1 Mean numbers and biomass of the piscivorous birds recorded at the East K1einemonde 
estuary between March 1994 and March 1996 (values in parentheses indicate numerical 
ranking). 
mean mean 
Species Common name Individual number biomass (g) 
mass (g) per count per count 
Phalocrocorax carbo Whitebreasted cormorant 1904 2.9(3) 5522 (1) 
Phalocrocorax africanus Reed cormorant 538 9.5 (1) 5111 (2) 
Anhinga mefanogaster Darter 1326 2.5 (5) 3315 (3) 
Ardea cinerea Grey heron 1436 2.3(6) 3303 (4) 
Ardea melanocephala Blackheaded heron 1136 0.1 (12) 114(11) 
Ardea goliath Goliath heron 45C6 < 0.1 (13) 225 (10) 
Ardea purpurea Purple heron 920 <0.1(14) 28 (15) 
Egrena alba Great white egret 1100 0.7 (8) 770 (6) 
Egretta garzetta Little egret 480 0.9 (7) 432 (7) 
Haliaeetus vocifer African fish eagle 3092 0.3 (10) 928 (5) 
Hydroprogne caspia Caspian tern 587 < 0.1 (13) 29 (14) 
Sterna hirundo Common tern 138 2.7 (4) 373 (8) 
Sterna albifrons Little tern 100 0.4(9) 40 (13) 
Ceryle rudis Pied kingfisher 77 3.5 (2) 270 (9) 
Megacery/e maxima Giant kingfisher 361 0.3 (10) 108 (12) 
A/cedo semitorquata Half collared kingfisher 39 0.2 (11) 8 (16) 
Total 26.4 20576 
The proportion of counts when each bird species was seen (percentage frequency of 
occurrence; % FO) is given in Figure 7.2. The species with the highest frequency of 
occurrence were pied kingfisher (87.1% FO), darter (87.1% FO), reed cormorant 
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(85 .5% FO), grey heron (83 .9% FO) and whitebreasted cormorant (75 .8% FO) . These 
species were classed as being resident (> 75% FO) because of their presence on almost a 
daily basis. The great white egret (50% FO) was the only species in the frequent visitor 
category. Similarly, only one species (little egret) occurred in the occasional visitor 
category. Species which were classed as rare visitors (less than 25% FO) dominated, 
and included common tern, giant kingfisher, African fish eagle, half collared kingfisher, 
blackheaded heron, little tern, goliath heron, caspian tern and purple heron. 
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Figure 7.2 The percentage frequency of occurrence (% FO) of piscivorous birds recorded at the East 
Kleinemonde estuary during 62 bird counts between March 1994 and March 1996. Birds 
were grouped into the following four categories: rare visitor (0 " 24% FO), occasional 
visitor (25 "49% FO), frequent visitor (SO " 74% FO) and resident (75 " 100% FO) 
Feeding guilds and food consumption 
All species recorded during the counts foraged in the estuary and an analysis of their 
feeding guilds (after Berruti 1983) revealed that 35.3% were waders, followed by pursuit 
swimmers (23 .5%), aerial divers (23 .5%) and aerial dippers (17 .7%). An additional 
seven species which are also known to prey on fish were observed at times other than 
during the bird counts. These included six waders (viz. yellowbilled egret Myteria ibis, 
greenbacked heron Ardea melanocephala, hamerkop Scopus umbrella, black stork 
Ciconia nigra, African spoonbill Platalea alba and kelp gull Larus dominicanus) and 
one pursuit swimmer (dabchick Tachybatus rujicollis) . 
The estimates of daily food consumption by individuals, and the mean monthly food 
consumption by the population of each piscivorous bird species are given in Table 7.2. 
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Table 7.2 The daily food consumption by individuals and mean monthly consumption rates by the 
population of each piscivorous bird species recorded at the East Kleinemonde estuary 
between March 1994 and March 1996. 
Calculated Mean monthly 
Species daily food consumption of Numerical 
consumption (g) • population (kg) rank 
Whitebreasted cormorant 347.6 34.2 2 
Reed cormorant 142.8 45.5 1 
Darter 269.4 19.5 3 
Grey heron 285.0 16.7 4 
Blackheaded heron 241.5 1.0 11 
Goliath heron 637.4 0.5 13 
Purple heron 208.3 0.1 15 
Great white egret 236.2 4.4 6 
Little egret 131.8 3.6 8 
African fish eagle 489.0 3.3 9 
Caspian tern 151.8 0.2 14 
Common tern 54.8 4.6 5 
Little tern 43.7 1.0 10 
Pied kingfisher 36.3 3.9 7 
Giant kingfisher 107.8 1.0 12 
Half collared kingfisher 22.5 0.1 16 
* Calculated using the expression given by Nagy (1987) and multiplied by 3.448 
to convert to wet mass. 
The reed cormorant was the most important bird predator with a mean monthly food 
consumption of 45.5 kg, followed by whitebreasted cormorant (34.2 kg month-I), darter 
(19.5 kg month-I) and grey heron (16.7 kg month· l ) The mean monthly food 
consumption by all other piscivorous birds totaled 26.7 kg month- l 
The monthly food consumption rates by all piscivorous birds (excluding Cape 
cormorants) during the study period ranged from 31.6 to 466.3 kg month-I , with a mean 
value of 142.6 kg month-I (Figure 7.3). Analysis of monthly food consumption rates 
revealed no seasonal trends. However, food consumption rates were highest during the 
period April and June 1995 following an extended open mouth phase of the estuary. The 
mean consumption during these three months was 394.6 kg month-I . 
Cape cormorant invasion 
During July 1994 an unusual invasion of Cape cormorants was recorded at the East 
Kleinemonde estuary. Although this species was recorded from July to October 1994, 
the birds were present in large numbers for only one month (July) . The mean numbers 
per count, biomass and food consumption estimates for Cape cormorant during this 
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period are summarized in Table 7.3. The number of birds per count (n = 6) during July 
1994 ranged from 190 to 534, with a mean of 279. The total food consumption by these 
birds was estimated at 22ll.5 kg for July 1994 and 2246.3 kg for the entire period of 
their visit (July to October). A solitary Cape cormorant was also recorded during one of 
the bird counts in July 1995. 
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Figure 7.3 Monthly food consumption estimates of all piscivorous birds species (excluding Cape 
cormorants) recorded at the East K1cinemonde estuary between March 1994 and March 
1996. 
Table 7.3 Mean numbers, biomass and monthly food consumption estimates for Cape cormorant at the 
East K1einemondc estuary between July and October 1994. 
Mean Mean 
Month number biomass Food consumption 
per count per count (g) of population (kg) 
July 279 343449 2211.5 
Augusl 2.3 2831 18.2 
September 1.3 1600 10.3 
October 0.8 985 6.3 
Total 22'i6.3 
7.3.2 Piscivorous fishes 
Although a number of piscivorous fish species were recorded from the East Kleinemonde 
estuary (see Chapter 4), only one species (Lichia amia) was abundant enough to obtain 
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population size estimates using the mark-recapture data. The population size estimates 
for L. amia were 77 individuals between October and December 1994 and 25 individuals 
between October 1995 and February 1996 (Chapter 6). The population parameters and 
food consumption estimates for L. amia during these time periods are given in Table 7.4. 
The estimated monthly food consumption of the population was 68.1 kg month-I 
between October and December 1994 and 57.9 kg month-I between October 1995 and 
February 1996. 
Table 7.4 Lichia amia population parameters and food consumption estimates for two time periods 
between 1994 and 1996. 
Daily food 
Population Population Maximum consumption of Daily food Monthly food 
Time period size biomass, individual population as a % consumption of consumption of 
B mass, W of its biomass, QlB • population (g) population (kg) 
Oct - Nov '94 77 89.3 kg 3279g 2.54% 2270 68.1 
Oct '95 - Feb '96 25 79.3 kg 4102 g 2.43% 1930 57.9 
• Calculated using the expression by Palomares & Pauly (1989) where T = 21 ·C and A = 5.5. 
7.4 DISCUSSION 
7.4.1 Piscivorous birds 
The East Kleinemonde estuary is utilized as a feeding ground by a wide variety of 
piscivorous birds. The species composition is representative of other estuarine habitats 
along the southern and eastern Cape coasts as described by Boshoff et at. (1991a,b) at 
the Wilderness-Sedgefield estuarine lakes complex and Martin & Baird (1987) at the 
Swartkops estuary. Although the East Kleinemonde estuary is small (175000 m\ the 
abundance of well vegetated gentle sloping banks provide ideal feeding grounds for 
wading piscivorous birds. Wading species accounted for the highest diversity of species, 
but generally occurred in low numbers. It is proposed that their low abundance is not 
related to a shortage of suitable prey items but as a consequence of their hunting method. 
These birds typically remain motionless in the shallow waters along the banks of the 
estuary and ambush their prey as it passes. Therefore, large numbers of birds employing 
these tactics would cause increased disturbance in the water and ultimately diminish the 
overall success rate of capturing prey. The grey heron was the most abundant wading 
species, which Whitfield & Blaber (1979a) described as being a solitary feeder which 
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chased little egrets away from its fishing area. The numerically dominant species 
recorded at the East Kleinemonde estuary (reed cormorant, pied kingfisher, 
whitebreasted cormorant, common tern and darter), on the other hand, all actively 
pursue their prey by either swimming or diving. The rankings of gravimetrically 
important bird species is mainly a consequence of body size. For example, the African 
fish eagle was ranked fifth in terms of gravimetric importance but numerically was 
ranked only tenth. The dominant species in terms of their biomass were whitebreasted 
cormorant, reed cormorant, darter and grey heron. 
Although the categories in which each species were assigned according to their 
frequency of occurrence are subjective, they were intended only to provide an 
importance grading of the East Kleinemonde estuary as a feeding ground. Most of the 
species (56.3%) were classed as being rare visitors and are not dependent on the estuary 
as a feeding ground on a regular basis. However, the high frequency of occurrence of 
pied kingfisher, darter, reed cormorant, grey heron and whitebreasted cormorant 
highlights their dependence on this estuary as a feeding ground. The results obtained for 
the African fish eagle (I 9.4% FO) are misleading because it is the only truly resident 
piscivorous bird which has been observed breeding at the East Kleinemonde estuary. 
During this study, birds were counted between 08hOO and 09h30, but Whitfield & Blaber 
( 1978b) found that the African fish eagle at Lake St Lucia foraged between 09hOO and 
17hOO, with a peak in activity at 12hOO. Therefore, the presence of this and possibly 
other species may be underestimated because their feeding periodicity was outside the 
census period. 
The mean monthly food consumption by all piscivorous birds at the East Kleinemonde 
estuary between March 1994 and March 1996 was estimated at 142.6 kg month-l 
During the study period, food consumption rates revealed large monthly variations, 
ranging from 31.6 to 466.3 kg month- l This variance is ascribed to the fact that few 
avian predators were classed as being resident and that most of the piscivorous birds use 
this estuary opportunistically as a feeding ground. For example, monthly food 
consumption rates peaked subsequent to an extended open mouth phase (January to 
March 1995) when large scale recruitment of juvenile fishes from the marine 
environment would have ensured an abundance of suitable prey. By virtue of its high 
biomass, the reed cormorant was identified as the most important bird predator which 
accounted for approximately 32% of the monthly consumption of fish by all piscivorous 
birds. This species also accounted for the highest biomass of piscivorous birds at the Bot 
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estuary (Heyl & Currie 1985) and was the most abundant piscivore at the Wildernes-
Sedgefield lakes complex (Boshoff et al. 1991 a). 
The use of birds as indicators of ecosystem quality has been identified from several 
aquatic environments (inter alia Heyl & Currie 1985; Crawford et al. 1992; Springer et 
at. 1996). The numbers and/or biomass of piscivorous birds have been positively 
correlated to fish abundance at Lake St Lucia (Whitfield 1978) and Lake Kyle in 
Zimbabwe (Junor & Marshall 1987). Similarly, Blaber (1973a) suggested that a closed 
population of Rhabdosargus holubi in the West K1einemonde estuary during 1971 was 
reduced by 80% over a seven month period, in a density-dependent fashion, by 
piscivorous birds. However, in the East K1einemonde estuary there was no observed 
difference in the mean number of avian piscivores between two time periods when the 
number of R. holubi were known. The mean number of piscivorous birds per count 
between October and December 1994 was 25 .6 with a corresponding R. holubi 
population of 13882 individuals, while between October 1995 and February 1996 the 
mean number of birds per count was 20.4 and the number of R. holubi totaled 108150 
individuals. These results suggest that R. holubi is not important in the diets of avian 
piscivores (excluding Cape cormorant; see below) foraging in the East K1einemonde 
estuary. The importance of the freshwater fish Oreochromis mossambicus, some 
estuarine-spawning species such as Gilchristella aestuaria and Atherina breviceps and 
Mugilids in the diet of piscivorous birds has been identified from several estuarine 
habitats (Whitfield & Blaber 1978b, 1979a,b; Jackson 1984; Whitfield 1986), and 
possibly holds true for the East K1einemonde estuary. However, this will only be 
elucidated subsequent to an investigation into the dietary preferences of the piscivorous 
birds at this estuary. 
7.4.2 Cape cormorant invasion 
The Cape cormorant is a coastal marine species which occasionally enters harbours and 
estuaries (Sinclair 1987; Maclean 1993). However, Martin & Baird (1987) and Boshoff 
et al. (I991a) noted that this species is an annual winter visitor to estuarine habitats. 
During the winter of 1994, thousands of Cape cormorants invaded estuaries along the 
south-eastern Cape coast due to a shortage of an important prey species (Cape anchovy 
Engraulis capensis) in the marine environment. Egg and larval acoustic surveys in 
Algoa Bay revealed very low E. capensis recruitment during the first half of 1994 due to 
adverse environmental conditions (N. Klages, Port Elizabeth Museum, pers. comm.). 
The Cape cormorants, therefore, utilized the estuaries along the south-eastern Cape 
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coast as alternative feeding grounds. The predatory impact of this invasion was 
quantified at the East Kleinemonde estuary. During their visit (July to October 1994), it 
was estimated the Cape cormorants consumed 2246.3 kg of fish. The fish consumption 
estimate during July 1994 (2211 .5 kg) by these birds was more than 15 fold greater than 
the mean monthly consumption (142.6 kg) by all other avian piscivores between March 
1994 and March 1996. These findings suggest that this unusual invasion of Cape 
cormorants impacted heavily on the closed population of fishes (including Rhabdosargus 
holubi), and are mirrored by the findings of the mark-recapture experiments (Chapter 6). 
The total population size of marine-spawning fishes in the East Kleinemonde estuary 
declined from 63342 to 18592 subsequent to the predation by these birds. 
7.4.3 Piscivorous fishes 
A total of five predominantly piscivorous fish (Lichia amia, Argyrosomus japonicus, 
Pomatomus sallatrix, Elops machnata, and a single Caranx species) were recorded from 
the East Kleinemonde estuary, which collectively constituted a very small portion of the 
total fish assemblage (Chapter 4). Lichia amia was by far the most abundant piscivore 
with a total biomass ranging between 80 and 90 kg. Dietary studies from several South 
African estuaries have revealed that fish dominated the diet of L. amia, with frequency of 
occurrence values ranging between 90 and 100 percent for fish larger than 200 mm TL 
(Whitfield & Blaber 1978a; Smale & Kok 1983; Marais 1984; Bennett 1989b). 
Therefore, it is safe to assume that the diet of L. amia (size range: 264 - 580 mm SL) in 
the East Kleinemonde estuary also consists mainly of fish and that the food consumption 
estimates represent an estimate offish losses due to predation by this species. 
Despite considerable research into the dietary preferences of the dominant piscivorous 
fishes in South African estuaries, no attempt has been made to quantify their daily or 
monthly food consumption. Making use of the predictive model by Palomares & Pauly 
(1989) it was estimated that the L. amia population in the East Kleinemonde estuary 
consumes approximately 2.5% of its biomass per day. Monthly food consumption 
estimates by the population were 68.1 kg month-l between October and December 1994 
and 57 .9 kg month- l between October 1995 and February 1996. These estimates, which 
accounted for 36.5% and 39.7% of the total fish predation losses by all major predators 
(birds and fish) over the two time periods respectively, suggest that L. amia is the top 
piscivorous predator in the East Kleinemonde estuary. 
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7.5 CONCLUSION 
This study has provided a quantitative account of fish utilization in the East Kleinemonde 
estuary by piscivorous birds and a dominant piscivorous fish, which collectively had a 
food consumption rate of approximately 206 kg month-1 The fish fauna is however 
vulnerable to predation by a number of other minor predators and also a limited amount 
of exploitation by recreational anglers. The mortality and/or loss of fish by these sources 
were not quantified but are believed to comprise a small portion of the total losses from 
this estuary. In addition, an invasion of Cape cormorants during July 1994 was identified 
as an unusual episodic event which was responsible for large scale mortality of fish over 
a relatively short time period. 
94 
Chapter 8 Production of marine-spawning species 
CHAPTER 8 
GROWTH, BIOMASS AND PRODUCTION OF 
THE MARINE-SPAWNING SPECIES 
8.1 INTRODUCTION 
Throughout the scientific literature, estuarine habitats are referred to as being 'nutrient 
traps' that support high primary productivity which in tum promote high levels of 
secondary production (e.g . Nixon e/ al. 1986). Studies worldwide have revealed that 
estuaries support high biomasses of secondary consumers and provide high fishery yields 
(Houde & Rutherford 1993). However, the calculation of production rates for estuarine 
fishes at the community level and even species level are limited to a few studies (inter 
alia Meredith & Lotrich 1979; Warburton 1979; Weinstein & Walters 1981; Weinstein 
eta!. 1984). 
Production is defined as the total amount of tissue produced in a population per unit 
time. It is a dynamic quantity that can rarely be measured directly, therefore, requiring 
indirect methods of calculation (Allen 1971). The most commonly used method 
incorporates knowledge of numbers and weights of population members over time. 
Although the use of quantitative data (i.e. population size data) is preferable for the 
calculation of fish production rates, estimates are also obtainable from information on 
food consumption and conversion efficiency, or from estimates of food consumption by 
predators (Chapman 1978). The general lack of quantitative information has precluded 
the estimation of production by South African estuarine fish populations. Quantitative 
information that can be used for estimating productivity is known for only one estuarine-
associated fish species. Blaber (1973a, 1974) estimated the population size, rate of 
growth and the changes in the mortality rate for a closed population of Rhabdosargus 
halubi in the West Kleinemonde estuary during 1971 and 1972. Day e/ al. (1981) took 
advantage of this information to show that despite high levels of mortality, the closed R. 
hall/bi population revealed a net increase in biomass of approximately 1 g m'2 over a six 
month period in 1971 and 2.3 g m'2 over a nine month period in 1972. 
This study evaluates production of the marine-spawning fish species (above a certain 
minimum size) in the East Kleinemonde estuary by making use of quantitative population 
size, biomass and growth data over a distinct census period. 
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8.2 METHODS 
8.2.1 Population size estimates 
A series of three 'closed population' mark-recapture experiments were conducted to 
obtain population size estimates for the marine-spawning fishes in the East Kleinemonde 
estuary. The results of these experiments and the reliability of the population size 
estimates obtained during each mark-recapture period are discussed in Chapter 6. In 
summary, it was felt that the results obtained during the second and third mark-recapture 
experiments yielded reliable population size estimates. However, the fish population 
during the second mark -recapture period was severely depressed following a period of 
high mortality caused by an unusual invasion of Cape cormorants (see Chapter 7). 
Therefore, only the results obtained from the third experiment, conducted over a 123 day 
period between October 1995 and February 1996, were used to calculate production 
rates of the marine-spawning fishes in the estuary. The population size estimates were 
obtained for all size classes except specimens < 100 rom SL for mugilids and < 50 rom 
SL for all other species. Therefore population size estimates, and hence calculated fish 
production, are conservative representations of the actual values during this period. 
8.2.2 Growth rates 
Length-frequency data collected during the census period was used to determine monthly 
growth rates. Where possible, the mean monthly size of a cohort (i.e. a group of 
individuals of a similar size that are assumed to be of the same age) was analysed. 
However, the identification of distinct cohorts was not always possible due to non-
discrete pulses of recruitment by the marine-spawning species into the estuary. In these 
cases, the size groups were combined to obtain multiple-cohort growth rates. Mean 
monthly growth rates, expressed as rom month", were calculated with the assumption 
that growth was linear between the mean lengths of single or multiple-cohorts between 
consecutive months during the census period. 
8.2.3 Biomass estimates 
Fish length (rom SL) was converted to fish weight (grams) by using the formula: 
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Where W= the derived weight, 
a = a constant (intercept of regression curve), 
L = standard length, and 
b = an exponent (the regression coefficient). 
Production of marine-spawning species 
The length-weight relationships for the marine-spawning fish species captured during this 
study are given in Appendix 4. 
Biomass estimates for each species were obtained for either identifiable cohorts (if 
possible), or else for the entire size range captured during the census period. The mean 
individual weight of the distinct cohort (or the entire catch) was multiplied by the most 
reliable population size estimate (given in Chapter 6) to obtain a total biomass (standing 
stock) estimate for each species. 
8.2.4 Production estimates 
Production estimates were calculated on a monthly basis during a distinct census period 
when the population size of each species was known. Monthly biomass production for 
each species was calculated using the formula (after Allen 1971): 
P=Nt dW 
Where P = production, 
Nt = the number of individuals of a distinct cohort or all size groups combined in 
the population during the census period, and 
dW = the weight-specific growth rate of the mean individual weight within the 
cohort or the entire population over a time period of one month. 
The production values obtained for fishes in the East Kleinemonde estuary, with a 
surface area of approximately 175000 m2, are expressed as g m·2 month- l 
8.3 RESULTS 
Mean monthly growth rates, population size, total biomass and monthly production rates 
for all the marine-spawning fish species recorded in the East Kleinemonde estuary during 
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the census period are given In Table 8.1. The combined production by the manne-
spawning fishes (n = 135192) in the estuary was calculated at 4.45 g m-2 month-'. 
Table 8.1 Mean monthly growth, population size, biomass and production estimates for the marine-
spawning species in the East Kleinemonde estuary during the census period (17 October 
1995 - 16 February 1996). 
Size range Monthly growth Biomass Production Production 
Population 
Species Cohort (mmSL) (mm) (g) size (g) (g m-' month-') (% ortotal) 
Rhabdosargus holubi I 20-a5 9 .2 3.48 2773t 299248 0 .551 [16.31 
11 50-150 6 .2 6.14 80419 2462598 2 .822 [83.7] 
Total 108150 2761844 3.373 75.7 
Uthognathus lithognathus I 34-102 10.3 4.51 1484 16278 0.Q38 [14.9J 
11 118-202 8.7 16.45 1753 181339 0 .165 [64.4J 
III 217-272 7.7 31.78 243 82383 0 .044 [17.2J 
IV 305-382 4.5 36.19 43 41929 0 .009 [3.5] 
Total 3523 321929 0.256 5.7 
Sarpa safpa All 37-107 12.2 6.47 483 12837 0 .018 0.4 
Diplodus sargus capensis All 27-80 9 4.39 33 381 0 .001 < 0 .1 
Uza dumari!;; All 51 - 248 3.1 2.93 9718 469520 0 .163 3.7 
Uza richardson;; All 49 -300 8.4 14.45 4127 467931 0 .341 7.7 
Liza tricusp/dens All 93 - 187 2.7 1.73 117 3031 0 .001 < 0 .1 
MugU cephalus All 106 - 159 4.8 2.99 544 15320 0 .009 0 .2 
Myxus capensis All 88 - 306 3.9 5.24 3460 266677 0 .104 2.3 
MonodactyJus fafciformis All 17-128 4.4 4.37 4986 152916 0 .125 2.8 
Uchia arnia All 460 -580 18.3 338.01 25 79288 0 .048 1.0 
Pomadasys commersonnH All 79 - 493 12.8 22.79 126 40434 0 .016 0.4 
Total 135192 4591908 4_454 100 
Rhabdosargus holubi 
Rhabdosargus holubi was numerically and gravimetrically the most dominant manne-
spawning species in the East Kleinemonde estuary during the census period (Table 8.1). 
Two distinct size cohorts were identified for R. holubi. Mean monthly growth during the 
census period was calculated at 9.2 mm month-' for the size range 20 - 85 mm SL and 
6.2 mm month-' for sizes ranging between 50 and 150 mm SL (Figure 8.1) The weight-
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specific growth rates for the two cohorts were 3.48 g month- l and 6.14 g month-l 
respectively. 
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Figure 8.1 Mean monthly size composition of two cohorts for Rhabdosargus ho/ubi captured ir. the 
East Kleinemonde estuary between October 1995 and February 1996 (census period). 
The smaller size cohort (20 - 85 mm SL; mean = 54.3 mm SL) with a production rate of 
0.551 g m-2 month- l accounted for 16.3% of the total production for this species, while 
the larger cohort (50 - 150 mm SL; mean = 96.1 mm SL) with a production rate of 2.882 
g m-2 month- l comprised 83.7% of this production. Collectively, the two cohorts 
accounted for 75 .7% of the total monthly production of all marine-spawning species in 
the East K1einemonde estuary during the census period (Table 8.1) . 
Lithognathus lithognathus 
During the census period, the Lithognathus lilhognathlls population (n = 3523) had a 
total biomass of 321929 grams (Table 8.1). Monthly growth during the census period 
was difficult to determine for L. lithognathus due to low sample sizes. However, 
monthly growth increments were determined for four distinct year class cohorts over the 
entire study period from April 1993 to March 1996 (Figure 8.2). Mean growth rates of 
10J, 8.7, 7.7 and 4.5 mm month-l were calculated for the year class cohorts I to IV 
respectively. The corresponding weight-specific growth rates of these cohorts were 
4.51 , 16.45, 31.78 and 36.19 g month-l respectively. A production rate of 0.256 g m-2 
month- l was calculated for Lithognathus lithognathus during the census period (Table 
8.1). This value accounted for 5.7% of the total production by all marine-spawning 
species in the estuary. The dominant cohort during the census period (cohort II; 118 -
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202 mm SL) accounted for 56.3% of the total biomass and 64.4% of the total production 
for this species. 
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Figure 8.2 The mean monthly size composition of four year class cohorts for Lithognathus 
Ii thognathus captured in the East Kleinemonde estuary over the entire study period 
(April 1993 to March 1996; CP = census period). 
Sarpasalpa 
A single cohort population (37 - 107 mm SL) of 483 individuals with a total biomass of 
12637 grams was recorded in the East Kleinemonde estuary during the census period 
(Table 8.1). A mean growth rate of 12.2 mm month- l (or 6.47 g month-I) was calculated 
for the period between October 1995 and February 1996 (Figure 8.3). The production 
for Sarpa salpa was calculated at 0.018 g m-2 month-I, which accounted for only 0.4% 
of the total production by all marine-spawning species in the estuary during the census 
period. 
Diplodus sargus capen sis 
A small population (n = 33) of Diplodus sargus capensis with a biomass of 381 g was 
recorded in the East Kleinemonde estuary during the census period (Table 8.1). 
Calculation of mean monthly growth rates was not possible due to very low sample sizes. 
Growth information for D. s. capensis was therefore obtained from published records. 
No growth information is available from the estuarine environment, but Smale & Buxton 
(1989) estimated that this species attained 100 - 120 mm TL in one year (ie 8 - 10 mm 
month-I) in the intertidal marine environment Therefore, for the purposes of production 
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estimation, growth was assumed to be 9 mm month-1 The corresponding weight-
specific growth rate was calculated at 4.39 g month- 1 Production for this species was 
calculated at 0.001 g m-2 month-I , which accounted for < 0.1 % of the production of all 
marine-spawning fishes over the census period. 
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Figure 8.3 Monthly size composition (mean, standard deviation and range) for Sarpa sa/pa captured 
in the East Kleinemonde estuary between October 1995 and February 1996 (the census 
period). 
Liza dumerilii 
During the census period, Liza dumerilii was the second most abundant species in the 
East Kleinemonde estuary. The population of 9718 individuals had a biomass of 469520 
grams (Table 8.1). Growth for L. dumerilii was difficult to determine due to a lack of 
distinct cohorts as a result of variable recruitment. However, an estimate of monthly 
growth of the dominant cohort (80 - 160 mm SL) was possible between November 1995 
and January 1996. Length frequency analyses during this period revealed a growth rate 
of 3.1 mm month-I (Figure 8.4). The corresponding weight-specific growth rate was 
calculated at 2.93 g month-1 The calculated production rate for Liza dumerilii was 
0163 g m-2 month-I , which accounted for 3.7% of the production by all marine-spawning 
species in the estuary during the census period (Table 8.1). 
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Figure 8.4 Length frequency histograms for DZG dumerUN captured in the East Kleinemonde estuary 
during <a) November 1995 and (b) January 1996. The mean individual lengths of the 
dominant size cohort, from which growth was determined, are also shown. 
Liza richardsonii 
During the census period, the Liza richardsonii population (n = 4127) had a total 
biomass of 467931 grams (Table 8.1). A multiple-cohort (49-300 mm SL; mean = 162.7 
mm SL) growth rate of 8.4 mm month-' (or 14.45 g month-') was calculated for this 
species (Figure 8.5). Production for L. richardsonii was calculated at 0.341 g m-2 
month-i , which accounted for 7.7% of the production by all marine-spawning species in 
the estuary during the census period (Table 8.1). 
Liza tricuspidens 
A small population (n = 117) of Liza triclispidens with a biomass of 30311 g was 
recorded in the East Kleinemonde estuary during the census period (Table 8.1). A mean 
growth rate of sizes ranging between 83 mm and 134 mm SL (mean = 112.4 mm SL) 
was calculated at 2.7 mm month-' between November 1995 and January 1996 (Figure 
8.6). The corresponding weight-specific growth rate was calculated at 1.73 g month-' 
(Table 8.1). The two individuals captured during December 1995 were unrepresentative 
of the size range used for growth calculation and hence were not considered. This 
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species had a production rate of 0.001 g m-2 month- l which accounted for < 0.1 % of the 
total production by all marine-spawning species in the estuary during the census period 
(Table 8.1). Whitfield & Kok (1992) indicated that Liza tricuspidens attains 140 mm TL 
in their first year (i .e. 12 mm month-I) in the Knysna estuary. Therefore, the production 
value obtained for this species possibly represents a conservative estimate. 
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Figure 8.5 Monthly size composition (mean, standard deviation and range) for Liza richardsonii 
captured in the East Kleinemonde estuary between October 1995 and February 1996 
(census period) . 
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Figure 8.6 Monthly size composition (mean, standard deviation and range) for Liza tricuspidens 
captured in the East Kleinemonde estuary during the census period (excluding December 
1995). 
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Mugil cephalus 
The Mugi I cephalus population of 544 individuals in the estuary during the census period 
had a biomass of 15320 grams (Table 8.1) A mean growth rate of 4.8 rnm month-I was 
calculated for the dominant cohort with sizes ranging between 106 rnm SL and 159 rnm 
SL (Figure 8.7). The corresponding weight-specific growth rate was calculated at 2.99 g 
month- l Data from December 1995, January and February 1996 were excluded due to 
low sample sizes and unrepresentative catch compositions. A production rate of 0.009 g 
m-2 month-I was calculated for M. cephalus, which comprised 0.2% of the total 
production by all marine-spawning species in the estuary during the census period (Table 
8.1). It is possible that the production value for this species is underestimated due to a 
low growth rate . Analysis of length frequency data from the Knysna estuary indicated 
that Mugil cephallls grows at approximately 15 rnm month-I during its first year 
(Whitfield & Kok 1992). 
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Figure 8_7 Monthly size composition (mean, standard deviation and range) for Mugi/ cephalus 
captured in the East K1einemonde estuary between October and November 1995. 
Myxus capen sis 
During the census period, the Myxus capensis population of 3460 individuals had a total 
biomass of 266677 grams (Table 8.1). Although sizes ranging from 88 rnm SL to 306 
mm SL were captured during this period, growth was calculated from a single dominant 
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cohort (90-200 mm SL). A mean monthly growth rate of 3.9 mm month-I (or 5.24 g 
month-I) was calculated for M. capensis (Figure 8.8). Production for this species was 
calculated at 0.104 g m-2 month-I, which accounted for 2 .3% of the total production by 
all marine-spawning fishes in the estuary during the census period. The production 
estimate obtained for this species is possibly also conservative due to a low growth rate. 
Bok (1983) revealed that Myxus capensis grows at 9.4 mm month-I in its first year and 
8.2 mm month-I in its second year. 
250 
'I = 3.918x + 126.72 
r2 = 0 .74 
200 
E 
.s 
.= 150 
-Cl c: 
.S! 
"C 
~ 100 II> 
"C 
c: 
II> 
········\········1 
KEY 
.... ... . -
...... ... 
. . .. . ... 
. . ........ \ ., mean 
range 
-II) 50 
n= 126 81 20 112 76 
0 
Oct Nov Dec Jan Feb 
Figure 8.8 Monthly size composition (mean, standard de\~ation and range) for MyxlIs capens;s 
captured in the East Kleinemonde estuary between October 1995 and February 1996 
(census period). 
Monodactylus lalciformis 
The Monodactylus falciformis population of 4986 individuals in the East Kleinemonde 
estuary during the census period had a total biomass of 152916 grams (Table 8.1). A 
mean growth rate of 4.4 mm month-I was calculated for the entire catch (17 - 128 mm 
SL; mean = 86.7 mm SL) between October 1995 and February 1996 (Figure 89). The 
corresponding weight-specific growth rate was calculated at 4.37 g month-I The 
production value obtained for this species (0 .125 g m-2 month-I) accounted for 2.8% of 
the total production by all marine-spawning species in the estuary during the census 
period (Table 8.1). 
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Lichia amia 
A small population (n = 25) of Lichia amia with a total biomass of 79288 grams was 
recorded in the East Kleinemonde estuary during the census period (Table 8.1). Monthly 
----
----- sampie sizes were inadequate to calculate growth rates for L. amia during this study. 
However, Blaber (1974) recorded a length increase of 110 mm in six months (i .e. 18.3 
mm month") in the West Kleinemonde estuary. Making use of this data, a production 
rate of 0.048 g m'2 month" was calculated for L. amia in the East Kleinemonde estuary. 
This value accounted for 1 % of the total production by all marine-spawning species in 
the estuary during the census period (Table 8.1). 
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Figure 8.9 Monthly size composition (mean, standard deviation and range) for Monodactylus 
falciformis captured in the East Kleinemonde estuary between October 1995 and 
February 1996 (census period). 
Pomadasys commersonnii 
The population of Pomadasys commersonnii (n = 126) in the East Kleinemonde estuary 
during the census period had a total biomass of 40434 grams (Table 8.1). Inadequate 
sample sizes also prevented the calculation of growth rates for this species in the East 
Kleinemonde estuary. Therefore, information on the growth rate of P. commersonnii 
was obtained from the literature. Wallace & van der Elst (1975) state that this species 
attains a length of approximately 200 mm TL (153 mm SL) in their first year (i.e. 12.8 
mm month" ). Most of the individuals captured during the census period were 0+ aged 
fish (mean = 146.2 mm SL), hence the above growth rate was considered appropriate for 
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the calculation of a production rate. The calculated production rate for P. commersonnii 
was 0.016 g m-2 month-I, which accounted for 0.4% of the total production by all 
marine-spawning species in the estuary during the census period (Table 8. I). 
8.4 DISCUSSION 
The general life-history pattern of estuarine-associated marine fishes in southern Africa is 
one of recruitment (immigration) followed by an estuarine residence phase and then 
emigration (Wallace et at. 1984). During the period of estuarine residence many species 
(e.g. Rhabdosargus holubi) are known to occur at high densities which account for high 
biomass values (Blaber 1973a; Day et at. 1989). The ecological significance of the 
above life-history pattern is that emigrating fishes transfer large amounts of energy, 
accumulated in estuaries, to coastal marine ecosystems (Weinstein & Walters 1981 ; 
Deegan 1993). Furthermore, unlike the export of detritus, fish exports from estuaries 
are of high nutritive value and can provide a direct link to higher trophic levels (Nixon et 
at. 1986). These emigrating fishes are also known to contribute significant amounts of 
biomass for coastal recreational and commercial fisheries (Deegan 1993; Houde & 
Rutherford 1993). 
Despite the apparent importance of estimating estuarine fish productivity, very few 
studies have evaluated their contribution to secondary production within these systems. 
This can be ascribed to the fact that production estimates for estuarine fish populations 
are difficult to calculate. The main sources of error encountered while estimating 
estuarine fish production and their influence on this study are discussed below. 
8.4.1 Sources of calculation error 
Population size estimates 
According to Egglishaw (1970) the mam source of inaccuracy for fish production 
estimation lies in the error associated with determining population sizes and their 
changes. Estuarine fish populations are known to be dynamic due to fluctuating levels of 
recruitment and emigration which are difficult to quantify (Robertson & Duke 1990). 
Hence, reliable population size estimates for estuarine-associated fishes are seldom 
achieved. The population size estimates for the dominant marine-spawning species in the 
East Kleinemonde estuary obtained during this study were regarded as reliable estimates, 
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particularly during the second and third mark-recapture experiments (see Chapter 6). 
However, during the second mark-recapture period, the fish population was severely 
deflated due to high levels of mortality prior to the experimental period (see Chapter 7). 
Therefore, the results obtained from the third mark-recapture experiment (here referred 
to as the census period) formed the basis of the production assessment. It must be 
emphasized that the estimated population size is less than the actual population size due 
to the exclusion of individuals below a certain minimum length during the mark-
recapture experiments. Consequently, the contribution of these smaller individuals to 
fish production in the estuary is not included in the analysis. The 4.45 g m-2 month-1 
marine fish productivity estimate must therefore be viewed as a conservative value for 
the East Kleinemonde estuary during the census period (i.e . between October 1995 and 
February 1996). 
Growth rates 
Growth rates of most fishes vary seasonally, and in relation to age, as well as in response 
to a number of environmental factors such as temperature, salinity and food availability. 
Furthermore, growth rate calculations of single or multiple cohorts of marine-spawning 
fishes in estuaries are affected by size specific emigration, mortality and/or prolonged 
recruitment periods (Weinstein & Walters 1981). 
The analysis of length frequency data has been used to provide information on growth 
for many estuarine-associated fishes (e.g. Whitfield & Kok 1992). The use of such data 
is most applicable when recruitment occurs in discrete pulses (Worthington et at. 1992) 
and even more powerful when sample sizes are large (Erzini 1990). In this study, low 
sample sizes and unrepresentative catches of distinct size cohorts prevented the 
calculation of growth for distinct cohorts for all species. However, in most cases growth 
estimates were obtained over a distinct time period which coincided with the census 
period, thus facilitating more reliable calculation of production rates. It should be 
emphasized that the census period was conducted mainly during the summer months 
when growth rates for most species peaks (see Blaber 1974; Beckley 1984). Therefore, 
despite the exclusion of the smaller size classes (see above), the monthly production 
estimates represent maximum values for the populations of each species included in the 
mark-recapture experiments. The obtained growth rates for several species were lower 
in the East Kleinemonde estuary compared with the findings of studies conducted in 
other South African estuaries (e.g. Bok 1983; Whitfield & Kok 1992) However, the use 
of this data was considered to be of doubtful values because of the overwhelming 
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gravimetric dominance of Rhabdasarg/ls hall/bi which accounted for 76% of the total 
production by all marine-spawning species in the East K1einemonde estuary. 
Mortality rates 
During the census period the East K1einemonde estuary mouth was closed, with the 
result that no significant losses (emigration) or gains (immigration) to the fish population 
were possible. However, losses due to natural mortality (piscivorous bird and fish 
predation) and to a lesser extent recreational angling in the estuary did take place. The 
total mortality of all fishes (resident estuarine-spawning and migrant marine-spawning 
species) in the estuary during the census period was quantified (Chapter 7). The mean 
monthly consumption by piscivorous fishes (Lichia amia) during the census period was 
calculated at 57.9 kg month-" while the consumption by piscivorous birds during this 
period ranged between 29 .0 and 160.4 kg month-I (mean = 87.9 kg month-I) . Estimates 
of instantaneous mortality rates during the census period were also obtained for species 
which yielded recaptures during the mark-recapture study. The 'sum-of-squares 
procedure' for population size estimation (given in Chapter 6) provided an estimate of 
daily mortality (Z). For example, the Z value for Rhabdasargus ha/l/bi was 0.00166, 
which equated to a mortality rate of 14 individuals per day. Therefore, over the 123 day 
census period the total mortality of this species was 1722 individuals with an estimated 
biomass of 44556 grams. The inclusion of this mortality factor (approximately 1.6% of 
the total population size) is of doubtful value unless the relationship between the losses 
(natural mortality) and gains by individuals entering the size group considered for 
marking during the course of the mark-recapture period (cohort growth) can be 
measured. The compensatory effects of cohort growth and mortality suggest that the 
resultant net loss or gain over the census period would not have altered the monthly 
production estimates significantly. 
8.4.2 Annual production 
Production estimates are usually calculated on an annual unit area basis and expressed in 
terms of grams, kilojoules or grams carbon (i.e. g m-2 yr"" kJ m-2 y(1 or gC m-2 yr-I; see 
Chapman 1978). The calculation of annual production (over one calendar year) in 
estuaries is often not possible due to continuous emigration and recruitment variability. 
This shortcoming is compounded in temporarily open/closed estuaries which are subject 
to mass emigration of fishes during mouth opening events. 
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The monthly production rates of the marine-spawning fishes in the East Kleinemonde 
estuary were converted to grams (wet mass) per m2 per year (Table 8.2) and compared 
with other published accounts of estuarine fish productivity. However, prior to making 
these comparisons attention is drawn to the following: 
• the production estimates for each species in the East Kleinemonde estuary excludes 
the contribution by the smaller size classes (i.e. < 100 mm SL for mugilids and < 50 
mm SL for the other species), 
• the annual estimates are based on monthly production estimates obtained during the 
summer (October - February) when the growth rate for most species is at or near a 
maximum, and 
• the total fish community productivity estimate also excludes the contribution by the 
estuarine-spawning species in the estuary. 
At the species level, Warburton (1979) reported production values ranging between 0.8 
and 9.2 g m'2 yr'l for some important fishes in a Mexican lagoon system. However, the 
highest reported value for an estuarine fish [Fundulus heteroclitus) is 64 g m'2 yr'l 
(Valiela et at. 1977). This high value is supported by the findings of Meredith & Lotrich 
(1979) who, during an independent study, estimated the productivity of F. heteroclitlls at 
40.7 g m'2 yr'l 
Table 8,2 Production estimates (g m" }T") for the marine-spawning fishes in the East Kleinemonde 
estuary (calculations based 011 estimates made during the summer dominated census period 
and only of fishes above a certain minimum size). 
Annual production 
Species (g m" y(1) 
Rhabdosargus holubi 40.48 
Ufhognafhus lithognafhus 3.07 
Sarpa sa/pa 0.21 
Dip(odus sargus capensis 0.D1 
Uza dumerilii 1.95 
Uza richardsonil 4.09 
Uza tricuspidens 0.D1 
Mugil cepha/us 0.11 
Myxus capensis 1.24 
Monodactyfus falcfformis 1.49 
Uchia amia 0.58 
Pomadasys commersonnii 0.20 
Total 53.46 
110 
Chapter 8 Production of marine-spa\\ning species 
The production estimate obtained for Rhabdasarglls hall/bi in the East Kleinemonde 
estuary (40.5 g m'2 yr'l) is high compared with any estuarine-associated fish. However, 
the high value for R. hall/bi is not surprising considering it's numerical and biomass 
dominance in the East Kleinemonde estuary. During the census period, this species had a 
population size of 108150 and a biomass of 15.8 g m'2. It is possible that these 
population parameters represent maximum values because the census period was 
conducted shortly after a period of excellent recruitment (i.e. an extended open phase of 
the estuary mouth followed by numerous topping of the bar events; see Figure 2.7). The 
population parameters for Rhabdasargl/s hall/bi were much lower during the first (MR 
1) and second (1\1R 2) mark-recapture experimental periods (Chapter 6) . During I\1R 1 
(April - September 1993), this species had a population size of 34959 and a biomass of 
6.7 g m,2, and following a period of high bird predation (1\1R 2; October - December 
1994) the population size was 13882 with a biomass of 1.3 g m'2 Blaber (1973a) 
determined the population size for R. hall/bi in the neighbouring West Kleinemonde 
estuary, with a surface area of approximately 25 .5 ha. His findings revealed that in 1971 
the population decreased from 55360 to about 11485 over a period of six months and in 
1972 the population decreased from 14674 to about 12000. Day et at. (1981) made use 
of the information provided by Blaber (1973a, 1974) to show the biomass changes of this 
population over the two experimental periods. Despite heavy bird predation (with 
mortality rates varying between 9% and 49% month'l during 1971 and about 3% month'l 
during 1972), the biomass of this population increased from 1.7 g m" to 2.7 g m'2 and 
0.5 g m'2 to 2.8 g m'2 during 1971 and 1972 respectively. Therefore, as a result of the 
seemingly high population conditions of Rhabdasarglls hall/bi during the census period, 
the annual productivity estimate of 53 .5 g m'2 yr'l for the marine-spawning fish 
community (above a certain minimum size) in the East Kleinemonde estuary possibly 
represents a maximum value. 
Table 8.3 provides a review of documented studies on total fish community productivity 
in selected temperate, subtropical and tropical estuaries (after Day et al. 1989). These 
findings suggest that estuarine fish community productivity increases with decreasing 
latitude (i.e. towards the tropics) . However, as pointed out by Day et at. (ap cit.) it is 
difficult to make comparisons of total fish community productivity based on existing 
information because of factors such as the use of different methods of estimating 
standing stock and hence productivity, and the time-space scale differences of the various 
studies. 
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Despite a need for more detailed investigations, the data presented in Table 8.3 (after 
Day et at. 1989) suggest that values ranging between 5 and 125 g m-2 y(l are 
representative of total fish community productivity in estuarine environments. More 
recently, Houde & Rutherford (1993) estimated total fish production in 10 estuarine 
systems by applying primary production and fish catch information (provided by Nixon et 
at. 1986) to Iverson's (1990) equation at a trophic level of 2.5 (i.e. midway between 
primary and secondary carnivores). Their estimates of fish community productivity 
ranged between 17.7 and 64.6 g m·2 y(2 (mean = 39.3 g m-2 yr-\ The production 
estimate of 53.5 g m-2 y(2 from the East Kleinemonde estuary therefore compares 
favourably with those quoted in the literature. However, it must be borne in mind that 
this estimate excludes the contribution by both the resident estuarine-spawning species 
and the smaller size classes of the marine-spawning species which were not considered 
during the mark-recapture experiments. 
Table 8.3 Fish community productivity estimates (g m" yr.l) in selected temperate, subtropical and 
tropical estuaries (after Day et al. 1989). 
Location 
Fish production 
(g m" yr') Reference 
TEMPERATE 
Southern North Sea 5.2· Korringa (1967) 
Chesapeake Bay, Maryland 9.0' Mansueti (1961) 
Wadden Sea, Netherlands 10.0 Postma & Rauck (1979) 
Italy 9.0·17.0' DeAngelis (1960) 
Flax Pond, New York 100·146" Hall & Woodwell (unpublished data) 
SUBTROPICAL 
T e)(as coastal lagoons 12.1·57.6" Jones.t .,. (1963) ; Hellier (1962) 
Barataria Bay, l ouisiana 35.0·72.8 •• Wagner (1973); Day et al. (1973) 
Mexican Pacific coast 34.5 " Warburton (1979) 
TROPICAL 
India 5.8·124.0' Pakrosi et al. (1964) 
Phillipines 47.0·50.0 • Rabonol (1961 ) 
Cuban lagoons 22.0· 27.6" Holcik (1970) 
Mexican Pacific lagoons 24.6·66.7 ., Yanez-Aranclbia (1978) 
Terminos lagoon, Mexico 20.0 " Yanez-Arancibia & Lara Dominguez (1963) 
• based on information from fisheries yield 
** based on summation of production estimates of selected component species 
8.5 CONCLUSION 
This study has provided the first attempt at calculating production estimates for several 
estuarine-associated marine fishes in South Africa and highlights the difficulties 
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associated with obtaining reliable estimates. The results also highlight the dynamic and 
complex nature of estuarine fish production due to fluctuating levels of population 
biomass arising from recruitment variability and mortality. The high production value 
obtained for Rhabdasargus halubi indicates that this ubiquitous species plays an 
important role in energy flow within the East Kleinemonde estuary. More importantly, 
attention is drawn to the dominant role of R. hall/bi as a means of exporting estuarine 
production (energy) to the nearshore coastal environment after mouth opening events. 
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CHAPTER 9 
GENERAL DISCUSSION AND MANAGEMENT CONSIDERATIONS 
A large amount of information is available on estuarine-associated fishes in southern 
Africa and research findings have provided a better understanding on how and why fishes 
utilize estuarine environments. Whitfield (1998) provides a comprehensive review of 
much of this information, particularly on the biology and ecology of individual species 
and the fish assemblages of different estuary types in the different biogeographical 
regions. In this review, he also provides a synopsis of ichthyological estuarine research 
in South Africa over the past five decades. Commenting on future research priorities, 
Whitfield (1996a, 1998) emphasizes the need to conduct quantitative studies by 
repeating the words of Day (1977) who states that : "We know the dominant plants and 
animals that live in our estuaries. We must now study them individually and in great 
detail - their rates of recruitment, their tolerance to environment conditions, how much 
food they consume, their biomass and productivity". Although several recent studies 
have provided quantitative density and biomass estimates for estuarine-associated fishes 
(e.g. Whitfield 1993 ; Paterson & Whitfield 1996), most assessments have not extended 
beyond providing relative abundance estimates. 
The lack of truly quantitative studies on estuarine-associated fishes can be ascribed to a 
number of reasons. Foremost, is the fact that ichthyologists still depend on nets to 
provide quantitative data (Allen el at. 1992). The diverse nature of estuarine habitats 
often makes quantitative sampling of fish populations very difficult. The results of many 
studies on gear selectivity and sampling techniques have shown that nets consistently 
generate biased information which varies greatly in time and space (e.g. Young el at. 
1988; Pierce el at. 1990). In an attempt to overcome the associated bias with net 
sampling it has been suggested that gear (collection) efficiency studies should become an 
integral part of estuarine fish studies (Allen el al. 1992). Rozas & Minello (1997) also 
highlight the problem of gear selection and recommend that each study should be goal 
orientated including the sampling protocol. In other words, the sampling gear must be 
appropriate for the targeted species (or species groups) and habitats as well as for the 
overall objectives of the study. During this study, consideration was given to the above 
recommendation. However, the problems associated with collection efficiency were 
circumvented by using mark-recapture techniques to estimate absolute abundance (i.e. 
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the total number of individuals in the estuary) for the marine-spawning species in the 
East Kleinemonde estuary. 
The overall aim of this study was to quantitatively assess various population parameters 
of the fishes associated with the small temporarily open/closed East Kleinemonde 
estuary. The population parameters investigated included density, biomass and 
population size for all the fishes in the estuary, as well as growth and productivity 
estimation for the dominant marine-spawning species. The study also included a 
quantitative assessment of fish losses due to piscivorous predation. A summary of some 
of the population parameters calculated at various time periods during this study are 
diagrammatically illustrated in Figure 9. I. 
According to Day (1977) quantitative information is important to assist with the 
understanding of ecological processes (i.e. energy transfers between various organisms) 
within estuarine ecosystems. This study has provided a quantitative assessment of two 
important groups of secondary consumers (i. e. fishes and piscivorous birds) that will 
assist in the understanding of the trophic dynamics within a single estuary. More 
importantly, however, this study has illustrated the dynamic nature of these consumer 
populations which is characterized by a high degree of variability over very short periods 
of time. For example, the total population size of the marine-spawning fishes (above a 
certain minimum size) in the East Kleinemonde estuary declined from 63342 individuals 
during 1993 to 18592 individuals during 1994 and increased again to 135192 individuals 
during 1995/6. Paterson & Whitfield (1996) also revealed a large inter-annual difference 
in the numbers and biomass of fish utilizing an intertidal salt marsh in the permanently 
open Kariega estuary. These authors recorded a decrease of approximately 50% in the 
average number of fish utilizing Taylor'S salt marsh from one year to the next . These 
findings pose a question which is fundamental to the understanding of estuarine fish 
ecology: why do estuarine fish populations display large temporal variability? 
Estuaries are often described as being hostile environments with rapidly changing 
physical and chemical conditions, yet, they are known to be more productive than 
adjacent freshwater and marine environments (Day et at. 1989). Clearly, estuarine-
associated fishes and other organisms have evolved in a number of ways 
(morphologically and physiologically) to successfully spend part or all of their lives in 
these apparently unpredictable environments. The spatial and temporal abundance of 
these nekton in estuaries, however, are not only influenced by their adaptive tolerance to 
varying abiotic conditions, but also a number of biotic factors (Whitfield 1996b). 
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(March 1994 -
March 1996) 
(kg month-') 
Piscivorous 
fishes ..... 
-- .~ ~. - .... 
t,()~:_\ !, ";:- '_, 
Uchia amia '-I 
POPULATION PARAMETERS 
Estuarine spawners 
(April 1995 - January 1997) 
Gilchristella aestuaria (15 -60 mm SL) 
N = 420973~ ~'> ____ . " 
0=2.9 • ,'--,:' , ) .- --<-"-. \ 
B = 1.6 ---"~J '\ / -.-, .. 
Athenna breviceps (19 - 62 mm SL) 
N = 198275 
0=1.1 
B = 0.6 
Glossogobius callidus (10 - 92 mm SL) 
N = 108806 
0=0.7 
B = 1.1 
Others ."y;--; ~ "' 
", 
N = 26161 0 = 0.1 B = 0.1 
. 'J;- -,~:"f. :-; -
"-. '~~,.-~~~"" ", TOTAL 
N = 754217 
ICHTHYOPLANKTON 
IN THE SURF ZONE 
(August 1994 - September 1996) 
Marine spawners 
(October 1994 - February 1996) 
Rhabdosargus holubi (> 50 mm SL) 
N = 108150 
0=0.62 
B = 15,8 
P = 3.4 
Z = 11 
Mugilidae (> 100 mm SL) 
Others (> 50 mm SL) 
N = 17966 
0= 0.1 
B = 7.0 
p = 0.6 
, N = 9176 0 = 0.05 B = 3.5 P = 0.5 
TOTAL 
N = 135192 0 = 0.6 
Others 
0= 0.9 per 100 m3 
Mugilidae 
0= 0.4 per 100 m3 
Figure 9.1 Diagrammatic representation of various population parameters of the ichthyofauna 
associated with the East K1einemonde estuary. Where: N = population size (number; n), 
o = density (n ill" ) , B = biomass (g m" ), P = production (g m" month) and Z = 
mortality (kg month·I ). 
116 
Chapter 9 General discussion 
The findings presented in the study suggest that the mam factors determining the 
abundance (and its variability) of fishes in the East K1einemonde estuary are predation 
and estuary mouth conditions. These factors and their influence on the closed fish 
populations associated with this estuary are discussed in more detail below. 
Piscivorous birds are important components of estuarine ecosystems (Whitfield & Blaber 
1978b, 1979a,b). Because of their relatively large size, these predators are easily 
observed and quantitative data on their numbers provides sufficient information to 
estimate their biomass and hence food consumption rates. The numbers of piscivorous 
birds at the East K1einemonde estuary were recorded over a two year period (March 
1994 to March I 996). Only 31 % of the species recorded were considered to be resident, 
suggesting that food consumption (i.e. fish predation) values should display large 
variability. The calculated monthly food consumption rates ranged from 32 kg month- l 
to 466 kg month-l Furthermore, during the winter of 1994 an unusual invasion of Cape 
cormorants accounted for additional predation losses of 2246 kg, of which 2212 kg were 
consumed in a single month (July 1994). The impact of this episodic event was clearly 
observed in the results of the fish mark-recapture experiments. The total population size 
of marine-spawning fishes declined by 70% subsequent to the Cape cormorant invasion. 
The predatory impact of piscivorous birds on closed estuarine fish populations was also 
documented by Blaber (1973a). He showed that the Rhabdasargus hall/bi population in 
the neighbouring West K1einemonde estuary was reduced by 80% due to density-
dependent bird predation over a period of six months in 1971. However, during 1972 
the population of R. hall/bi was reduced by only 18% over a nine month period (Blaber 
ap cit.). 
Several studies have shown that temporarily openlclosed estuarine systems have lower 
species diversity than permanently open estuaries due to the absence of a permanent link 
to the sea (e.g. Begg 1984; Bennet 1989a; Whitfield et at. 1989). Furthermore, Harrison 
& Whitfield (1995) showed that species diversity was significantly correlated (p < 0.05) 
to the duration of the open mouth phase in two temporarily openlclosed estuaries in 
KwaZulu-Natal . Clearly, the size and duration of the mouth opening in an estuary is an 
important factor influencing ichthyofaunal diversity . Apart from the influence on species 
diversity, mouth condition also affects the abundance and biomass of individual 
migratory marine-spawning species. Whitfield & Kok (1992) indicated that catch per 
unit effort (CPUE) values for most marine migrants were higher in the permanently open 
Knysna estuary than in the nearby seasonally open Swartvlei estuary. However, the 
findings of this study suggest that the abundance of certain migratory species are 
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comparable to and sometimes even higher than those obtained from various habitats in 
larger seasonally open and/or permanently open estuarine systems. For example, 
Whitfield (1993) estimated the biomass of Rhabdosargus holubi at 1. 7 g m-2 in the 
littoral zone of the Swartvlei estuarine lake system. This estimate was however 
considered to be conservative due to the absence of the macrophyte (Potamogeton) 
canopy during the sampling period. Paterson (1998) working in the permanently open 
Kariega estuary calculated biomass values for R. holubi at 0.1 g m-2 in Taylor's intertidal 
salt marsh creek and 2.3 g m-2 in the adjacent littoral zone (Zostera beds). The biomass 
values for this species in the East Kleinemonde estuary were 6.7 g m-2, 1.3 g m-2 and 
15 .8 g m-2 during the three respective mark-recapture experiments conducted between 
1993 and 1996. These conflicting results are arguably subjective due to different 
sampling methods and comparisons of different habitats. However, they do suggest that 
the abundance of species such as Rhabdosargus holubi, particularly in temporarily 
open/closed systems is dependent on the temporal recruitment success, or more 
specifically the way in which they optimally utilize periods of marine influence (i.e. 
mouth opening events and overwash conditions). 
The marine-spawning fishes associated with the East Kleinemonde estuary were 
overwhelmingly dominated by a single species (Rhabdosargus holubi) which: 
• comprised 77.6% of the ichthyoplankton catch composition in the surf zone adjacent 
to the mouth ofthe estuary, 
• comprised 75.3 % of the estuarine catch composition sampled with the large mesh 
seine net, 
• accounted for approximately 55%, 75% and 80% of the total population size of 
marine-spawning species above a certain minimum size during three independent 
mark-recapture experiments, and 
• accounted for 75.7% of the total secondary production by all marine-spawning 
species between October 1995 and February 1996. 
The numerical and gravimetrical dominance by Rhabdosargus holubi solicits a closer 
examination of aspects relating to its biology. According to Blaber (1973b) R. holubi is 
an endemic species which tolerates a wide range of environmental conditions, including 
salinity ranges of 0.7 - 70 %0 and temperatures ranging between 10 and 30°C It is also 
a strong osmoregulator and when exposed to a new salinity the internal osmotic 
concentration does not change until after 10 hours. Furthermore, Bennett (1985) 
revealed that R. holubi was one of the few species to survive prolonged low salinities « 
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3 %0) in the Bot River estuary. The diet of postlarval R. holl/hi (approximately IS - 30 
mm SL) consists mainly of copepods, whereas juveniles (> 30 mm SL) feed mainly on 
filamentous algae, aquatic macrophytes and epibenthic invertebrates (Whitfield 1984, 
1985). Blaber (1973b) found that juvenile R. holuhi in the West K1einemonde estuary 
feed mainly on aquatic vegetation that is not digested, whereas the assimilated portion of 
their diet comprises epiphytic diatoms. The abundance of submerged macrophytes 
(Ruppia cirrhosa) in the East Kleinemonde estuary suggests therefore that food 
organisms are not in short supply. Besides providing an abundance of food, the dense 
stands of submerged plants offer an ideal refuge when pursued large predatory fishes 
such as Lichia amia. 
Blaber (1974) revealed that Rhabdosargus holubi has a winter/spring peak spawning 
period with a spring/summer influx of 0+ individuals to the West Kleinemonde estuary. 
During this study, the abundance of postflexion larvae and early juveniles (length range: 
9 - 21 mm) peaked in early spring (August and September) but were recorded 
throughout the year in the surf zone adjacent to the mouth of the East Kleinemonde 
estuary. These findings are in agreement with numerous other studies which have 
shown that recruiting R. holubi with lengths ranging between 10 and 40 mm are 
recorded throughout the year (inter alia Melville-Smith & Baird 1980; Beckley 1983; 
Whitfield & Kok 1992). It seems clear, therefore, that this species exhibits serial 
spawning habits which allows for improved recruitment success, particularly considering 
that mouth opening events are not strictly seasonal, but can occur sporadically 
throughout the year. Furthermore, this study has provided evidence to suggest that R. 
halubi also recruit successfully under adverse mouth conditions (i .e. during overwash 
conditions). 
The importance of overwash (bar topping) events for recruiting and emigrating fishes 
associated with temporarily open/closed estuaries has not received much attention in the 
scientific literature and further mention of their significance is necessary. Overwash 
conditions in the mouth regions of temporarily open/closed estuaries usually occur over 
spring high tides and in association with rough sea conditions. Large swells create 
surging waves that penetrate the estuary. These waves range from several centimeters to 
0.5 m in depth (see Plate 9.1). During storm sea conditions, major topping of the bar 
events often alter the sandbar conditions in the mouth regions, which may provide the 
catalyst for a mouth opening event if coinciding with or followed by a period of high 
precipitation. Marine-spawning fishes take advantage of these conditions to recruit into 
and emigrate from the estuary. On several occasions small shoals of fish were observed 
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leaving the estuary to enter the marine environment, and once (5 June 1997) a small 
shoal of Liza richardsonii (41 - 83 mm SL in length) were stranded on the sandbar until 
the next pulse of waves washed them into the estuary. Whitfield (1992b) also recorded 
numerous postlarval fishes (Rhabdosargus holl/bi and Mugilidae) with lengths ranging 
between 9 and 12 mm recruiting into the Haga Haga estuary. Considering the size of the 
swells and strong current associated with these rough sea conditions, it seems that the 
fishes either entering of leaving the estuary are 'running the gauntlet' to do so. 
However, the process of recruitment and emigration are important for the completion of 
the life cycle by many marine-spawning species. The significance of these events is 
accentuated by the fact that the mouth of the East Kleinemonde estuary was open for 
only 43 days between March 1993 and August 1997. Small topping of bar events 
occurred on an additional 390 days, while large overwash events (duration exceeding 
three hours) occurred on 31 days. 
The relatively few days available for recruitment ultimately dictates the recruitment 
. success and the species that can recruit. The serial spawning species, with potential 
recruits available for a greater part of the year are therefore better suited to utilize 
temporarily open/closed systems. This trend was apparent in the fish assemblage of the 
East Kleinemonde estuary. Rhabdosargus holl/bi and Mugilidae both have extending 
spawning seasons (Whitfield & Kok 1992) and constituted the bulk of the fishes in this 
system. Therefore, the success of Rhabdasargus hall/hi in the East Kleinemonde estuary 
is linked to aspects of its biology, notably an extended breeding season and the ability to 
recruit under physically harsh (overwash) conditions. A thorough investigation into the 
importance of overwash events to recruiting and emigrating marine migratory species 
would be a worthwhile extension of this study, especially considering that more than 
70% of South African estuaries are classified as being temporarily open/closed systems. 
Despite the obvious benefits of periods of marine influence for migratory marine-
spawning fishes, several authors have indicated that distinct benefits also exist during the 
closed lagoonal phase of temporarily open/closed estuaries. Firstly, the aquatic area (i .e. 
available nursery habitat) during the closed phase is increased due to elevated water 
levels (Bennett et al. 1985; Kok & Whitfield 1986). Secondly, due to elevated water 
levels, the inundated intertidal and supratidal habitats also provide greater foraging area 
which include important detrital, plant and invertebrate food resources (Whitfield 
1980c). Thirdly, (Whitfield 1996b) proposed that the nursery function of the estuary is 
further enhanced because the inundated shallow, vegetated littoral habitats are often 
inaccessible to large predatory fishes. 
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Plate 9.1 Photograph of overwash conditions in the mouth region of the East and West Kleinemonde 
estuaries taken on 21 June 1994. Note the rough sea conditions, surging wave pulses and 
alteration of the sandbar. 
The resident estuarine-spawning species have also adapted in numerous ways to 
complete their entire life cycle within the estuary. Apart from the obvious ability to 
tolerate wide salinity, temperature and turbidity ranges (Whitfield 1998), certain species 
exhibit reproductive specializations which enhance the chances of their eggs being 
retained within estuaries (Bennett 1985). For example, Psammogobills knysnaensis, 
Cajjrogobills gilchristi and A therina breviceps all lay large eggs with threads which are 
attached to some fixed substratum, while the Sygnathidae retain their eggs and larvae in 
a brood pouch. Furthermore, most estuarine-spawning species attain sexual maturity and 
reproduce within the first year of their life (Bennett 1989a), while certain species are able 
to alter their spawning periodicity during the year, possibly to suit prevailing conditions. 
Bennett & Branch (1990) suggested that temporarily open/closed estuaries are physically 
more stable than permanently open systems when closed and therefore are preferred 
habits for species which complete their life cycle within estuaries. The open versus 
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closed mouth phase in temporarily open/closed estuaries is important for the success of 
these resident species. The results presented in this study suggest that reproductive 
activity is halted during low water level conditions following a mouth opening event. 
However, during the closed mouth phase most resident species bred in the East 
Kleinemonde estuary. This finding is supported by studies conducted in other temporarily 
open/closed estuaries (Whitfield 1980a; Bennett 1989a; Harrison & Whitfield 1995). 
The advantages of the closed phase for the resident species are similar to those for the 
migratory species and include more stable physical conditions, elevated water levels with 
increased habitat availability (i .e. less competition for food and space), increased 
abundance of food organisms and a lower vulnerability to predation by piscivorous 
fishes . 
Finally, it would appear that there is no easy answer to the question as to why estuarine 
fish populations reveal large temporal variability. It is possibly more appropriate to 
suggest that estuarine fish populations are and always will be as dynamic as the 
environment itself This sentiment is reinforced by the words of Leaky & Lewin (1996) 
who state that: ''Ecological communities do not exist in a benign harmony, but, instead, 
are shaped by many forces, some of them chaotic, some random. Above all, there is 
constant, dynamic change". 
MANAGEMENT CONSIDERATIONS 
Estuaries are considered to be one of the most threatened components of the South 
African coastline because of both land- and sea-based impacts (Heydorn 1992). Cowley 
et al. (1998) state that the increasing human demand for estuarine space and specific 
resources often leads to user conflict situations and potential habitat destruction. 
According to Whitfield (1997) each of South Africa's 250 functional estuaries require 
careful management and protection if they are to be maintained as a vital natural 
resource. Therefore, this thesis would be incomplete without making some 
recommendations for the management of the East Kleinemonde estuary and it's 
resources. The important considerations in this regard are discussed in the following 
paragraphs. 
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Conservation of Syngnathus watermeyeri 
The estuarine pipefish Syngnathlls watermeyeri was previously known from three 
Eastern Cape estuaries (Bushmans, Kariega and Kasouga), but now the East 
Kleinemonde estuary offers asylum to the only known viable population of this species. 
Therefore, an appropriate management plan for this estuary is crucial for its long-term 
survival. 
According to Bruton (1995) each threatened species reqUires a umque suite of 
conservation measures to ensure its survival. A conservation strategy for an individual 
fish species is often complicated by virtue of its mobility and wide use of aquatic habitats 
(Whitfield 1997). A conservation strategy for Syngnath7ls watermeyeri is possibly less 
complicated due to the fact that it is confined to a single estuary and is strongly 
associated with the submerged macrophyte (R7Ippia cirrhosa) beds in the middle and 
upper reaches. Subsequent to the rediscovery of S. watermeyeri in 1996, the 
management board of Seafield township under the auspices of the Western Region 
District Council adopted the proposed conservation measures with immediate effect. 
These measures included the following: 
• the proclamation of an estuarine conservancy, 
• a public awareness programme including the erection of a notice board highlighting 
the significance of the estuarine conservancy for the survival of Syngnathlls 
watermeyeri, 
• to discourage the excessive use of power boats above the road bridge (i.e. in the 
middle and upper reaches), and 
• to restrict boating to the main channel (above the road bridge) to avoid disturbing the 
Rlippia beds. 
The survival of Syngnathlls watermeyeri in the East Kleinemonde estuary is also subject 
to a ongoing monitoring programme by the Estuarine Research Group (ERG) from the 
J.L.B. Smith Institute ofIchthyology. Furthermore, a small population of S. watermeyeri 
were successfully relocated to the neighbouring West Kleinemonde estuary which also 
has dense Rlippia beds along the margins of the middle reaches. 
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Management of catchment area 
In recent years numerous studies have provided evidence to suggest that freshwater 
inputs are crucial for the maintenance of estuarine ecosystem functioning (inler alia 
Whitfield & Wooldridge 1994; A1lanson & Read 1995; Schlacher & Wooldridge 1996). 
Clearly, the development of an overall estuarine conservation strategy warrants the 
integration of a catchment management plan. However, the main problem at this stage is 
the quantification of freshwater requirements for individual estuarine systems - a field of 
study that requires and is receiving urgent attention. 
The small catchment area of the East Kleinemonde estuary (approximately 46 km2) is 
relatively undisturbed with no significant impoundments restricting the flow of 
freshwater into the estuary. Most of the area consists of natural vegetation, particularly 
on the steep stream and river valleys along the banks of the estuary in the upper reaches. 
Furthermore, agricultural activities within the catchment area consist mainly of extensive 
cattle grazing with relatively low freshwater demands. Therefore, a rare opportunity 
exists to develop a proactive integrated estuary conservation strategy for the East 
Kleinemonde estuary aimed at mitigating negative anthropogenic impacts on water 
quality and quantity from the catchment area. 
Sedimentation 
Badenhorst (1988) noted that a natural process of sedimentation was taking place in the 
East Kleinemonde estuary and due the fact that it is a flood tide dominated system, most 
of the sediment is of marine origin (i.e. enters the mouth when it is open). The removal 
of excess sediment is only possible by means of mouth opening (flushing) events and the 
magnitude of these events will determine the effectiveness of sediment scour. An 
examination of a series of historical aerial photographs has revealed that only in recent 
years do the East and West Kleinemonde estuaries share a common outlet during mouth 
opening events. Consequently the effectiveness of sediment removal has diminished. 
During a mouth opening event, the exact location of the outlet determines which of the 
two estuaries is better scoured. The reason why the two estuaries share a common 
outlet is ascribed to the destabilization and ultimately the eradication of the fore dune 
which once separated the two estuaries. Therefore, it is recommended that a vegetated 
frontal dune be re-established between the mouths of the two estuaries and that both 
beach vehicle traffic and pedestrians be confined to appropriately placed access routes. 
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Residential development 
Estuaries are sought after areas for human habitation, and development (residential and 
associated structures, e.g. jetties) often results in habitat alteration, impoverishment or 
even destruction. In an attempt to alleviate the pressures of development on the East 
Kleinemonde estuary it is recommended that: 
• all the marginal vegetation (natural habitats) be retained to support a higher diversity 
and abundance of estuarine-associated wildlife, 
• areas with steep slopes are protected to prevent erosion and sedimentation. In other 
words, soil erosion and run-off control measures should be prescribed for all 
developments on or near the estuary banks, 
• appropriate recreational facilities including a concrete slipway, picnic sites, braai areas 
etc. be provided on the grass lawns in the mouth region on the north eastern bank. 
These facilities should accommodate both residents and visitors in order to channel 
disturbances into suitable areas. All other private jetties and slipways along the banks 
of the estuary should be prohibited. 
Furthermore, much of the area zoned for future residential development (particularly in 
Island Beach and Island Beach North; see Figure 2.2) consists of clay dominated soils 
which do not allow for effective removal of septic tank and other waste water by means 
of French drains. Therefore, measures to replace the currently used septic tank systems 
with conservancy tanks, particularly for houses on or near the estuary banks, should be 
considered. In this regard, it would be worthwhile to implement a programme to 
monitor bacterial concentrations and other nutrients in the estuary. 
Concluding comment 
As part of a nationwide assessment of the health of individual estuarine systems, 
Harrison et al. (1996) described the East Kleinemonde estuary as being in a moderately 
good condition. The biological status and overall water quality of the estuary were both 
rated as good while its aesthetic appearance was considered acceptable. The future 
health of this system and its resources, however, depends on the implementation of an 
appropriate estuarine conservation strategy. The success of such a strategy requires the 
cooperation and active involvement by a range of interested parties, including policy-
makers, scientists, environmental managers, local residents and visitors. 
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APPENDICES 
Appendix I Date, time of sampling, number of sample hauls and environmental conditions on the days 
when ichthyoplankton samples were collected in the surf zone adjacent to the mouth of the 
East K1einemonde estuary. 
Estuary Number Estimated Wave 
Date mouth Time at of 2 min. High tide at Temperature Wind \Mnd speed height 
condition sampling hau~ (degrees C) direction (knots) (m) 
26·Aug-94 open 16h3().17h30 5 16h20 not taken SW <5 1-2 
4-.Sep-94 topping 14h45-15h30 5 14h55 19 0 < 1 
14-Sep-94 closed 14hO()'14h40 5 11h55 16 SW 5-10 1-2 
21-Sep-94 topping 16h30-17h10 5 16h25 17 NE 5-10 < 1 
27-Sep-94 closed 17hO()'17h40 5 19h45 17 0 < 1 
13-0ct-94 closed 11h20-12h10 5 11h30 14 NE <5 1-2 
19-0ct·94 closed 13h55-14hSO 5 15h30 16.5 0 < 1 
25-0ct-94 closed 18hQ5.18h40 5 16h25 16.5 0 < 1 
3-Nov-94 closed 15h20-15h55 5 15h15 17 SW <5 < 1 
10-Nov-94 closed 06h3()'09hOS 5 09h10 19 0 1-2 
18-Nov-94 closed 13h55-14h30 5 15h35 21 SW <5 < 1 
5-0ec-94 closed 16h10-16h45 5 17hOO 18.5 0 1-2 
1S-Jan-95 topping 14h2()'14h55 5 15h40 19.5 SE <5 < 1 
25-.1an-95 topping 09h05-09h40 5 10h10 16 SW 10-15 < 1 
3-Feb-95 topping 15h35-16h05 5 17h50 19 NE 5-10 1-2 
11 /12-Feb-95 topping 10hOO-07h30 24 13h40 & 02h15 1S-20 SW 5-10 < 1 
2O-Feb-95 topping 07h45-06h15 5 06h35 19 SW 5-10 < 1 
6-Mar-95 topping 16h10-16h40 5 16h20 16.5 SW 5-10 1-2 
13-Mar-95 topping 13hOO-13h30 5 13h55 16 SW 10-15 1-2 
22-Mar-95 topping 07h2()'07hSO 5 07hOO 17 SW <5 1-2 
4-Apr-95 topping 17hQ().17h30 5 17h55 17 SE <5 1-2 
17-Apr-95 topping 16hOO-16h30 5 17h05 16.5 0 1-2 
26-Apr-95 topping 13h45-14h15 5 14h05 16 SW 5-10 1-2 
11·May-95 topping 12h3()'13hOO 5 13h20 16 SW <5 < 1 
1511 6-May-95 topping 07h3().05hOO 24 17h25 & 07hOO 17-16 NW 0-5 < 1 
25-Jul-95 topping 15hQ().15h30 5 14hSO 17.5 NE <5 1-2 
3-Aug-95 closed 09hO()'09h30 5 07h40 18.5 0 < 1 
2O-Aug-95 closed 12h1()'1 2h40 4 12h10 18.5 SW <5 1-2 
29-Aug-95 closed 16h3()'17h10 5 17h30 16 SE 5-10 1-2 
20-Sep-95 closed 13hl()'13h40 4 13h30 16 SW 5-10 < 1 
21-Sep-95 closed 14h10-14h45 4 14hOO 17 NE <5 < 1 
24-0ct-95 closed 14h35-15h05 5 15h35 21 SW 5-10 1-2 
8-Nov-95 closed 15h4()'16h20 5 16h05 20 SW 5-10 1-2 
13-Nov-95 closed 07h4().06h10 5 06h35 20.5 SW <5 < 1 
20-0ec-95 closed 11h25-12hOO 5 14h20 15 SW <5 1-2 
15-Jan-96 closed 17h2()'17h35 3 10h45 20 0 < 1 
31-Jan-96 closed 13h05-13h25 3 13h35 16.5 SW 5-10 < 1 
5-Feb-96 closed 15h3().15h50 3 16h20 22 SE <5 < 1 
12-Mar-96 closed 07h40-07h55 2 06h05 16 SW <5 < 1 
8-May-96 closed 07h15-07h35 5 06h55 16 0 1-2 
13-May-96 closed 13h45-14h15 5 13h10 17.5 SW 5-10 < 1 
24-Jun-96 closed 07h45-06h15 5 O9hOO 17 0 < 1 
11-Jul-96 closed 13h30-14h15 5 13h15 16 SE <5 < 1 
26-Aug-96 closed 12h15-12h45 5 14h05 17 SW 5-10 < 1 
3O-Sep-96 closed 15h4().16h10 5 17h3S 19 SE <5 < 1 
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Appendix 2 The length-mass relationships obtained from power curve regression analyses for the 
estuarine-spawning species captured in the East Kleinemonde estuary (a = intercept, b = 
slope, n = number of specimens). 
Species a b r' n 
Atherina breviceps 0.= 3.0906 0.9173 ~ 
Gi/christella aestuaria 0.00003 2.8153 0.9457 519 
GJossogobius callidus 0.00004 2.7943 0.9689 <37 
Psammogobius knysnaensis 0.= 3.1999 0.969 9 
Syngnathus watermeyeri 0.= 3.2271 0.8758 38 
Appendix 3 The monthly number of bird counts and water level at the East Kleinemonde estuary 
between March 1994 and March 1996. 
Number Water 
Month of counts level 
1004 
March 1 medIum 
April 0 mediUm 
May 2 high 
June 1 high 
July 6 high 
August 3 high 
September 3 low 
October 4 medium 
November 5 medium 
December 2 high 
1995 
January 0 low 
February 0 low 
March 0 low 
April 2 medium 
May 2 medium 
June 2 medium 
July 3 high 
August 4 high 
September 4 high 
October 5 high 
November 3 high 
December 2 high 
1995 
January 4 high 
February 2 high 
March 1 high 
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Appendix 4 The length-mass relationships obtained from regression analyses by various authors for 
the marine-spawning species recorded in the East K1einemonde estuary, (a = intercept, b 
= slope and n = number of specimens). 
Species a b r n Reference 
Rhabdosargus holubi 0.=7 2.851 - - Blaber (1973b) 
Lithognalhus tithognathus 
< 120mm SL 0.=1 3.122 - - Blaber (1973b) 
>120 mm SL 0.00003 2._ - - Blaber (1973b) 
Sarpa sa/pa 0.000069 2.793 - - Joubert (1961) 
Diplodus sargus capensis 0.= 2.990 - - Joubert (1961) 
Uza dumeril# 0.00002604 2.948 0.994 148 Harrison (1933) 
Vza richardsonii 0.00003 2.931 0.969 27 unplubl. data 
Vza tricuspldens 0.=1597 3.007 0.966 38 Harrison (1933) 
MugU cephalus 0.00002942 2.951 0.969 255 Harrison (1933) 
Myxus capensis 0.=1577 3.038 0.992 753 Harrison (1ES3) 
Monodactylus falciformis 0.0000329 3.050 0.967 20 Harrison (1933) 
Uchia amia 0.=1491 3.054 0.996 18 Harrison (1993) 
Pomadasys commersonnii 0.=1396 3.112 0.997 95 Harrison (1933) 
, ..... 
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